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PREFACE  TO  THE  SECOND  EDITION. 


The  present  edition  has  been  brought  up  to  date,  and 
covers  the  most  recent  researches  in  this  important 
domain  of  chemistry. 

The  chapter  on  Terpen  el  ess  Oils  has  been  omitted, 
as  the  subject  does  not  appear  to  be  of  sufficient 
importance  for  detailed  treatment. 

The  constant  inquiries  received  by  the  author  as 
to  whether  given  oils  satisfy  the  requirements  of 
foreign  Pharmacopoeias  have  justified  the  addition  of 
an  appendix  giving  the  requirements  of  the  principal 
Pharmacopoeias. 

Many  new  facts  will  be  found  quoted  in  regard  to 

certain  essential  oils,  which  are  completely  at  variance 

with  the  views  commonly  held  at  the  time  the  last 

edition  was  published.    A  consideration  of  such  facts 

will  emphasise  the  importance  of  carefully  watching 

the  variation  in  the  properties  of  essential  oils  produced 

by  change  in  soil,  climate  and  general  conditions  oif 

growth.    It  is  only  by  such  continual  experience  that 

an  accurate  opinion  as  to  the  purity  of  certain  oils  can 

be  arrived  at.    Typical  examples  of  this  will  be  found 

under  Rosemary,  Spike-Lavender  and  Linaloe  Oils. 

m 
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The  rapid  growth  in  our  knowledge  of  this  group 
of  natural  products  will,  in  the  author's  opinion,  be 
considered  ample  justification  for  the  publication  of 
a  new  edition  of  this  work. 

ERNEST  J.  PARRY. 

Thanet  House, 

56a  Great  Dover  Street, 

London,'  S.B.,  September,  1908. 


PREFACE  TO  THE  FIRST  EDITION. 


The  developments  in  the  chemistry  of  essential  oils 
have  been  so  rapid  and  so  extensive  during  the  past 
few  years,  that  I  need  make  no  apology  for  the 
appearance  of  the  present  work,  in  which  I  have 
attempted  to  group  together  the  more  important  of 
the  published  facts  connected  with  the  subject.  No 
attempt  has  been  made,  in  the  chapters  dealing  with 
the  preparation  and  analysis  of  essential  oils,  to  do 
more  than  give  an  outline  of  the  principles  involved, 
as,  in  the  first  place,  each  subject  could  well  occupy 
a  volume  by  itself,  and  in  the  second  place,  no  man 
with  mere  text-book  knowledge  would  undertake 
either  branch  of  the  subject  in  a  practical  manner. 
The  treatment  of  the  essential  oils  systematically 
has  necessitated  the  suppression  of  much  doubtful 
and  disputed  work,  and  whilst  great  care  has  been 
taken  to  keep  the  facts  up  to  date,  it  has  been 
necessary  to  only  touch  slightly  on  a  good  deal  of 
quite  recent  disputed  work,  which  must  be  regarded 
as  still  in  an  unsettled  condition. 

My  thanks  are  due  to  a  number  of  friends  who 
have  rendered  me  much  assistance  during  the  pre- 
paration of  the  volume ;  especially  to  Mr.  J.  IT. 
Coste,  F.I.C.,  who  has  rendered  much  help  in  the 
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revision  of  the  proof  sheets,  and  Mr.  H.  F.  Lambert, 
who  has  assisted  me  in  the  preparation  of  the 
sketches.  I  have  also  to  thank  the  editor  of  the 
Chemist  and  Druggist,  Messrs.  Townson  &  Mercer 
and  Messrs.  Schimmel  &  Co.,  for  the  loan  of  blocks 
and  permission  to  reproduce  several  illustrations  ;  and 
Mr.  Heinrich  Haensel,  Messrs.  Stafford,  Allen  L  Co., 
and  Messrs.  Sparks,  White  &  Co.,  for  generously 
placing  numerous  samples  at  my  disposal. 


ERNEST  J.  PARRY. 


CONTENTS. 


CHAPTER  I. 


PAGE 


The  General  Properties  op  Essential  Oils 


1-9 


CHAPTER  II. 


Compounds  Occurring  in  Essential  Oils  - 


10-79 


I.  The  Terpenes — Sesquiterpenes — Olefmic  Terpenes  and  Sesquiter- 
penes— Pinene.  II.  The  Camphor  Series.  III.  The  Geraniol 
and  Citronellol  Group — The  Geraniol  and  Citronellol  Series.  IV. 
Benzene  Compounds :  Cymene — Phenols  and  their  Derivatives 
— Phenols  with  Nine  Carbon  Atoms— Phenols  with  Ten  Carbon 
Atoms — Alcohols — Aldehydes — Ketones — Acids.  V.  Aliphatic 
Compounds  :  Alcohols  —  Acids  —  Aldehydes  —  Sulphur  Com- 
pounds— Other  Bodies. 


The  Preparation  op  Essential  Oils  80-98 

Expression — Distillation — Extraction. 


Specific  Gravity — Optical  Methods  :  1.  Refraction,  2.  Polarimetry, 
Melting  and  Solidifying  Points — Boiling  Point  and  Distilla- 
tion— Quantitative  Estimations  of  Constituents — Aldehydes, 
Ketones  and  Oils  on  which  a  Direct  Determination  can  be  made. 


CHAPTER  III. 


CHAPTER  IV. 


The  Analysis  op  Essential  Oils  - 


99-141 


vii 


Vlll 


CONTENTS 


CHAPTER  V. 

Systematic  Study  of  the  Essential  Oils  14 

Oils  of  the  Gymnosperms :  I.  Wood  Oils,  II.  Fruit  Oils,  III.  Leaf 
Oils — Oils  of  the  Angiosperms :  I.  Monocotyledons :  N.  0. 
Gramineae,  Geraniol,  N.  0.  Ariodeae,  N.  0.  Liliaceie,  N.  0. 
Iridese,  N.  O.  Zingiberacese.  II.  Dicotyledons :  (a)  Mono- 
chlamydece,  N.  0.  Piperacese,  N.  0.  Cannabinaceae,  N.  0. 
Myricaceaa,  N.  O.  Salicineae,  N.  0.  Chenopodiaceae, 
N.  O.  Laurineae,  N.  O.  Myristicese,  N.  0.  Euphorbiaceae, 
N.  0.  Cupuliferae,  N.  0.  Santalaceae,  N.  0.  Aristolochieee. 
(b)  Gamopetalcs,  N.  O.  Labiatae  —  N.  0.  Verbenaceae,  N.  0. 
Convolvulaceae,  N.  O.  Jasmineae,  N.  0.  Ericaceae,  N.  0.  Val- 
erianeae,  N.  0.  Composite,  N.  O.  Caprifoliacese,  Polypetalae, 
N.  O.  Urnbelliferae,  N.  0.  Myrtaceae,  N.  0.  Rosacea?,  N.  0. 
Rutaceae,  N.  0.  Zygophylleae,  N.  0.  Anacardiaceae,  N.  0. 
Leguminosae,  N.  0.  Burseraceae,  N.  0.  Geraniaceae,  N.  O. 
Tropaeoleae,  N.  O.  Meliaceae,  N.  0.  Cruciferae,  N.  0.  Cistineae, 
N.  O.  Magnoliaceae,  N.  0.  Resedaceae,  N.  0.  Turneraceas, 
N.  O.  Clusiaceae,  N.  0.  Dipterocarpeae,  N.  0.  Ternstrcemiaceae, 
N.  O.  Malvaceae,  N.  0.  Ranunculaceae,  N.  O.  Anonaceae. 


CHAPTER  VI. 

The  Chemistry  op  Artificial  Perfumes   473-516 


APPENDIX  I.   At  End 

APPENDIX  II.  517-536 


Index  -      -  537-546 


CHAPTEK  I. 


THE  GENERAL  PROPERTIES  OF  ESSENTIAL  OILS. 

An  absolutely  scientific  definition  of  the  term  essential  or 
volatile  oils  is  hardly  possible,  but  for  all  practical  purposes 
they  may  be  defined  as  odoriferous  bodies  of  an  oily  nature 
obtained  from  vegetable  sources,  generally  liquid  (sometimes 
semi-solid  or  solid)  at  ordinary  temperatures,  and  volatile 
without  decomposition.  This  definition  must  be  accepted 
within  the  ordinary  limitations  which  are  laid  down  by  the 
common  acceptation  of  the  words,  which  will  make  them- 
selves apparent  in  the  sequel,  and  show  that  no  more 
restricted  definition  is  either  advantageous  or  possible. 
Many  essential  oils,  for  example,  are  partially  decomposed 
when  distilled  by  themselves,  and  some  even  when  steam 
distilled. 

The  volatile  oils  occur  in  the  most  varied  parts  of  the 
plant  anatomy,  in  some  cases  being  found  all  over  the 
various  organs,  in  others  being  restricted  to  one  special 
portion  of  the  plant.  Thus  in  the  conifers,  of  which  the 
pine  is  a  type,  much  volatile  oil  is  found  all  over  most  parts 
of  the  tree ;  whereas  in  the  rose,  the  oil  is  confined  to  the 
leaves  of  the  flower ;  in  the  cinnamon,  to  the  bark  and  the 
leaves,  with  a  little  in  the  root ;  in  the  orange  family,  chiefly 
to  the  flowers  and  the  peel  of  the  fruit ;  and  in  the  nut- 
meg, to  the  fruit.  The  functions  of  these  bodies  in  the 
plant  economy  are  by  no  means  well  understood.  Whilst  it 
is  easy  to  understand  that  a  fragrant  odour  in  the  unfertilised 
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flower  may  be  of  great  value  in  attracting  the  insects  with 
the  fecundating  pollen,  this  can  have  no  bearing  on  the 
occurrence  of  odorous  bodies  in,  say,  the  bark  or  internal 
tissues.    At  present  one  is  compelled  to  class  the  majority  of 
the  essential  oils  as,  in  general,  belonging  to  the  by-products 
of  the  metabolic  processes  of  cell  life,  such  as  are  many  of 
the  alkaloids,  colouring  matters  and  tannins ;  with,  possibly, 
in  certain  cases,  excretionary  functions.    The  structures  of 
the  plant  which  carry  the  secreted  oils  occur  in  the  fibro- 
vascular  as  well  as  in  the  fundamental  tissues.  Dependent 
on  their  mode  of  origin,  the  receptacles  may  be  either  closed 
cells  containing  nothing  other  than  the  matter  secreted,  or 
they  may  be  vascular  structures  which  have  their  origin  in 
the  gradual  absorption  of  adjacent   cell   walls,   and  the 
consequent  fusion  of  numerous  cells  into  one  vessel;  or, 
again,  they  may  be  intercellular  spaces,  large  cavities  formed 
in  two  distinct  ways,  (1)  by  the  decomposition  of  a  number 
of  adjacent  cells,  leaving  a  cavity  in  their  place,  whose  origin 
is  thus  lysigenous,  (2)  by  the  separation  of  adjacent  cell 
walls  without  injury  to  the  cells  themselves,  thus  leaving  a 
space  for  the  secretion,  whose  origin  is  schizogenous.  Some- 
times the  oils  contain  a  non-volatile  resin  in  solution,  forming 
an  oleoresin'.    For  example,  isolated  cells  containing  an  oleo- 
resin  are  found  in  some  of  the  Laurinese,  Zingiberaceas  and 
Conifers,  and  intercellular  spaces  (the  so-called  glands)  m 
some  of  the  Umbelliferse  and  Coniferse. 

Charabot,  in  conjunction  with  his  pupils  and  with  Bertrand, 
has  carried  out  numerous  investigations  with  a  view  to 
showing  what  is  the  process  governing  the  formation  of 
essential  oils  in  plants,  and,  to  some  extent,  what  are  their 
functions.  Whilst  the  author  considers  many  of  Charabot's 
generalisations  are  not  sufficiently  supported  by  experimental 
fact,  it  appears  proper  to  give  an  outline  of  the  more  important 
of  them.    From  a  comparative  examination  of  the  plants  of 
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Ocimum  basilicum  (the  sweet  basil)  at  various  stages  of  their 
development,  they  come  to  the  following  conclusions.  The 
author  is  indebted  to  Messrs.  Schimmel  &  Co.  for  a  portion  of 
these  results. 

During  the  period  which  precedes  the  appearance  of  the 
first  inflorescences,  the  green  parts  of  the  plant  contain  a  com- 
paratively soluble  oil  which  is  poor  in  methyl-chavicol,  but 
rich  in  terpenes  and  their  derivatives.    The  first  inflorescences 
contain  a  less  soluble  oil,  richer  in  methyl-chavicol.  It  appears 
that  during  the  formation  of  a  new  oil  rich  in  terpene  deriva- 
tives in  the  young  shoots,  a  portion  of  these  terpene  com- 
pounds is  consumed  in  the  inflorescences.  When  the  flowering 
period  has  nearly  come  to  an  end,  the  quantity  pi  the  oil  in 
the  green  parts  diminishes,  and  with  it  its  solubility  ;  but  in 
the  inflorescences  the  quantity  of  oil  increases.     A  readily 
soluble  portion  of  the  oil,  which  is  first  of  all  present  in  the 
leaf,  passes  into  the  twig  by  osmosis,  and  thence  reaches  the 
blossom,  where  organic  substances  are  required  for  the  processes 
of  fertilisation  and  the  accumulation  of  reserve  substances. 
When  the  osmotic  pressure  in  the  blossom  decreases  owing  to 
the  consumption  or  excretion  of  organic  bodies,  a  transfer  of 
metabolic  substances  takes  place  from  the  leaf  to  the  blossom. 
The  solubility  of  the  oil  of  the  inflorescences  does  not  increase, 
as  the  solubility  of  the  Oil  contained  in  the  entire  plant  de- 
creases owing  to  a  redaction  in  its  content  of  terpene  deriva- 
tives.    From  this  it  follows  that  the  latter  are  partly  con- 
sumed in  the  blossom.     Later  on,  when  the  blossom  has 
performed  its  function,  and  the  fruit  is  ripe,  it  is  found  that 
the  oil  in  the  green  parts  of  the  plant  increases,  and  becomes 
more  soluble  by  increase  of  the  terpene  derivatives,  whilst  it 
diminishes  in  the  inflorescences.    It  would  therefore  appear 
that  the  oil  to  some  extent  passes  back  into  the  green  parts  of 
the  plant. 

They  also  consider  that  the  process  of  fecundation  and 
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fructification  consumes  a  considerable  amount  of  the  essential 
oil,  or  of  the  substances  from  which  the  oil  is  immediately 
evolved.  They  give  the  following  table  showing  the  difference 
in  the  composition  of  the  essential  oils  from  the  two  series  of 
plants. 


Test  Plants. 

Deprived  of  Inflorescences. 

From 
Green  Plants. 

Per  cent. 

Flowers. 
Per  cent. 

From 
Green  Plants. 

Per  cent. 

Flowers 
Removed. 

Per  cent. 

Estragol 

67-5 

29-7 

68-4 

42-3 

Linalool 

20-4 

29-9 

24-7 

33-4 

Other  terpene  bodies  . 

12-1 

40-4 

9-9 

24-3 

Bertrand  Fils  have  made  studies  on  the  formation  and 
distribution  of  the  essential  oil  and  on  the  gradual  distribution 
of  the  terpene  compounds  in  the  various  organs  of  the  plant. 
The  experimental  plant  was  in  both  cases  Artemisia  absyn- 
thium  L.  The  experiments  showed  that  the  essential  oil  is 
present  in  abundance  in  the  plant  which  is  yet  quite  young. 
Up  to  the  time  of  inflorescence  the  amount  of  essential  oil 
increases.  But  then  a  decrease  in  the  percentage,  as  well  as 
in  the  absolute  quantity  of  oil,  takes  place.  This  quantity  of 
oil  is  used  up  when  after  the  flowering  period  the  act  of 
fertilisation  is  accomplished.  Although  it  is  possible  that 
during  this  period  a  new  formation  of  odorous  substances 
takes  place,  it  is  not  equal  to  the  quantity  consumed.  The 
conclusion  drawn  by  Bertrand  Fils  from  the  results  obtained 
is  this,  that  the  essential  oils  in  the  plant  are  the  substances 
which  are  used  up  in  the  organism  in  order  to  ensure  the  con- 
tinuance of  the  species.  They  show  that  the  root  of  the  young 
wormwood  shrub  does-not  contain  any  oil,  the  stalk  compara- 
tively little,  but  that  the  leaf  contains  the  bulk.  At  the  com- 
mencement of  the  flowering  period  the  oil  makes  its  appear- 
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ance  in  the  root,  where  its  percentage  increases  steadily, 
also  its  absolute  weight.  The  loss  of  essential  oil  which 
can  be  demonstrated  during  the  development  of  the  fruit, 
is  borne  by  the  leaves,  stalks  and  inflorescences.  With 
regard  to  the  distribution  and  development  of  the  terpene 
compounds  in  the  organs  of  the  plant,  the  examination  in- 
cluded the  comparative  determinations  of  the  essential  oil 
present  in  the  individual  organs,  as  well  as  the  solubility  of 
the  constituents.  A  long  time  before  the  first  inflorescences 
make  their  appearance,  the  essential  oil  of  the  plant  only 
contains  traces  of  thujone  ;  the  oil  of  the  stalks  is  less  soluble 
than  that  of  the  leaves.  Immediately  after  the  first  inflor- 
escences, the  oil  contained  in  these  also  shows  a  lower  solubility 
than  the  oil  of  the  leaves.  The  ester-content  is  largest  in 
the  roots,  and  smaller  in  the  stalks,  inflorescences  and  leaves. 
The  content  of  free  thujyl  alcohol  does  not  differ  largely  in 
the  various  organs  of  the  plant.  Thujone  is  chiefly  present 
in  the  leaves,  and  only  traces  of  it  are  found  in  the  stalks. 

Most  of  the  oils  occur  free  in  the  plant  tissues,  but 
occasionally  they  do  not  exist  as  such  in  the  living  organism, 
but  result  from  the  decomposition  of  a  compound  existing 
in  the  tissue,  by  means  of  a  ferment  in  the  presence  of  water. 
Examples  of  this  are  the  essential  oils  of  almond  and  of 
mustard.  In  the  former  case,  the  oil  results  from  the 
decomposition  of  the  glucoside  amygdalin  by  means  of  the 
ferment  emulsin,  and  in  the  latter  from  that  of  the  glucoside 
potassium  myronate  by  means  of  myrosin,  water  being 
essential  in  both  cases. 

The  physical  properties  of  the  essential  oils  are  as  varied 
as  the  sources  from  which  they  are  obtained.  Not  only  is 
their  different  nature  dependent  on  the  plant  from  which 
they  are  obtained,  but  a  change  of  soil  and  climate  will  often 
cause  enormous  difference  in  the  essential  oil  yielded  by  the 
same  plant.    Such  is  most  markedly  the  case  with  lavender, 
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peppermint,  and  roses.  As  an  example,  the  first  plant  may 
be  quoted.  The  oil  distilled  from  plants  grown  at  Mitcham 
in  Surrey  never  contains  more  than  about  7  to  10  per 
cent,  of  the  compound,  linalyl  acetate,  whereas  the  same 
plant,  Lavandula  vera,  growing  in  the  south  of  France, 
frequently  contains  over  35  per  cent,  of  the  same  body. 


Fig.  1. 


In  the  above  diagram  A  represents  an  oil  cavity  below  the  upper  surface  of 
the  leaf  of  Dictamnus  Fraxinella  (  x  320).  B  represents  the  same  in  an 
early  stage,  and  shows  the  mother  cells  of  the  cavity  before  their 
absorption  (lysigenous).  C  is  an  early  and  D  a  later  stage  of  the  forma- 
tion of  a  resin  passage  in  the  young  stem  of  the  Ivy  (Hedera  Helix) 
(  x  800).    In  both  cases  g  shows  the  separating  cell  (schizogenous). 

And  Mitcham  plants,  transplanted  to  the  south  of  France, 
yield  an  oil  which  approximates  more  and  more  to  the 
ordinary  French  oil,  according  to  the  time  they  have  been 
growing  under  their  new  conditions  of  life. 
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In  general,  the  volatile  oils  are  practically  insoluble  in 
water,  although  the  traces  which  go  into  solution  are  sufficient 
to  render  the  water  highly  odoriferous.  They  are,  however, 
soluble  in  most  organic  solvents.  Their  density  varies  from 
much  below  to  much  above  that  of  water.  A  few  consist 
almost  entirely  of  one  definite  compound,  such  as  oil  of 
wintergreen,  which  is  nearly  pure  methyl -salicylate,  but 
the  majority  are  mixtures  of  several  different  bodies.  They 
are  mostly  inflammable  liquids,  distilling  undecomposed  under 
ordinary  atmospheric  pressure.  A  few,  however,  undergo  some 
decomposition,  and  must  be  distilled  under  reduced  pressure, 
or  with  steam.  Many  of  them  are  very  susceptible  of  change, 
which  is  chiefly  brought  about  by  oxidation  by  means  of 
atmospheric  oxygen.  In  order  to  preserve  such  oils,  they 
must  be  kept  in  dark,  cool  places,  protected  from  the  action 
of  the  air. 

The  optical  properties  of  essential  oils  are  very  char- 
acteristic. They  invariably  possess  very  high  refractive 
indices,  usually  from  T45  to  1-56,  and  most  of  them  have 
the  property  of  rotating  the  plane  of  polarisation.  The 
application  of  this  property  forms  one  of  the  most  useful 
criteria  in  judging  of  the  purity  of  a  given  sample  of  oil,  and 
will  be  treated  in  detail  in  the  sequel.  The  following  table, 
published  by  Dr.  Gladstone  some  thirty  years  ago  {Jour. 
Chem.  Soc,  xvii.,  p.  3),  is  of  interest  in  this  respect,  although 
some  of  the  actual  figures  must  be  rejected  on  account  of 
the  obvious  adulteration  of  the  samples,  and  the  table  may  to 
a  certain  extent  be  regarded  as  of  only  historical  value.  The 
rotation  figures  are  expressed  for  a  column  of  ten  inches  of 
liquid  : — 
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The  composition  of  the  essential  oils  is  as  variable  as 
are  their  physical  properties,  and  the  next  chapter  will  be 
devoted  to  a  study  of  the  more  important  groups  of  chemical 
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compounds  which  occur  in  them.  Many  of  them  contain 
several  liquid  ingredients,  but  some  are  solutions  of  solid 
bodies  in  liquids.  These  will  frequently  deposit  the  greater 
portion  of  the  solid  on  being  exposed  to  a  low  temperature. 
When  this  is  the  case,  the  solid  is  frequently  referred  to 
as  the  stearoptene,  and  the  liquid  as  the  oleoptene.  These 
terms,  however,  have  now  no  scientific  meaning.  After  these 
introductory  remarks  we  may  now  pass  on  to  a  detailed 
account  of  the  more  commonly  occurring  compounds  in 
the  essential  oils,  and  thence  to  a  study  of  the  special  oils 
themselves. 


CHAPTEE  II. 


COMPOUNDS  OCCURRING  IN  ESSENTIAL  OILS. 

The  old  terms  fatty  and  aromatic  as  applied  to  chemical 
compounds  have  gradually  given  way  to  the  more  scientific- 
ally correct  aliphatic  and  cyclic,  as  it  has  been  found  that 
many  of  the  highly  odoriferous  bodies  do  not  belong  to  the 
benzene  series  of  compounds.  The  cyclic  compounds  are 
subdivided  into  the  carbocyclic  group,  in  which  the  closed 
chain  consists  entirely  of  carbon  atoms,  and  the  heterocyclic 
group,  in  which  other  atoms  than  carbon  may  be  present. 
The  bodies  described  here  will  therefore  be  classified  accord- 
ing to  their  possessing  a  closed  carbon  chain  in  the  molecule 
or  not.  The  groups  whose  members  are  frequent  constituents 
of  essential  oils  are:  (1)  the  terpenes,  (2) .  camphor  compounds, 
(3)  the  geraniol  series,  (4)  benzene  compounds,  (5)  open  chain 
or  aliphatic  compounds  other  than  (3). 

I.  THE  TERPENES. 
No  compounds  are  of  more  frequent  occurrence  in  essential 
oils  than  are  those  belonging  to  this  important  group.  Very 
many  have  been  described  by  different  chemists,  but  a 
systematic  study  undertaken  by  Wallach  has  reduced  these 
to  a  comparatively  few,  the  best  defined  of  which  are  those 
described  below.  They  are,  with  one  exception,  volatile 
liquid  hydrocarbons  of  the  formula  C10H16.  Whilst  agreeing 
closely  in  many  of  their  properties,  their  chemical  differences 
are  sufficient  to  enable  them  to  be  sharply  differentiated. 
The  well-defined  terpenes  are  :  pinene,  camphene,  limonene, 
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dipentene,  fenchene,  sylvestrene,  carvestrene,  phellandrene, 
terpinolene,  terpinene,  thujene  and  sabinene,  and,  possibly, 
Jirpene.  In  addition  to  these  there  are  several  less  known, 
but  well-defined  terpenes,  which  will  be  referred  to  as  occa- 
sion requires,  and  the  so-called  aliphatic  terpenes,  of  which 
myrcene  is  the  type. 

Pinene. — This  hydrocarbon  occurs  in  both  the  dextro- 
and  the  laevo-rotary  form  in  nature.  It  has  been  described 
at  various  times  as  terebenthene,  australene,  eucalyptene, 
laurene,  olibene  and  massoyene,  all  of  which,  however,  were 
more  or  less  impure  pinene. 

The  active  varieties  of  pinene  are  prepared  by  fractional 
distillation  of  a  number  of  essential  oils.  American  turpentine 
is  the  chief  source  of  dextro-pinene,  and  French  turpentine 
of  laevo-pinene.  It  is  found  in  a  great  many  essential  oils,  in 
both  forms,  references  to  which  will  be  found  under  the  oils 
themselves.  Optically  inactive  pinene  does  not  occur  in 
nature,  but  can  be  prepared  by  heating  pinene  nitrosochloride 
with  aniline.  .  Its  properties,  according  to  Wallach  (Ann. 
Ghem.,  cclii.,  p.  132,  and  cclviii.,  p.  343),  are  as  follows:  an 
optically  inactive  liquid,  boiling  at  155°  to  156°,  of  specific 
gravity  -858  at  20°;  refractive  index  for  the  d  line  1*46553  at 
21°.  The  purest  forms  of  active  pinene  prepared  agree  closely 
in  their  properties  with  the  above,  except  that  their  optical 
activity  is  about  +  40°  or  -  40°.  When  acted  upon  by  hydro- 
chloric acid  gas,  pinene  yields  a  monohydrochloride  C10H16HC1, 
in  crystals  melting  at  125°  and  boiling  at  207°  to  208°,  known 
as  artificial  camphor.1  It  is  extraordinary  that  the  hydro- 
chloride prepared  from  c£ecc£ro-pinene  is  inactive  (Gazz. 
Ghim.,  1888,  p.  223),  whilst  that  from  iaew-pinene  is  strongly 
laevo-rotary.  By  abstracting  the  molecule  of  hydrochloric 
acid,  by  means  of  sodium  acetate  and  acetic  acid,  the  hydro- 

1  This  term  is  now  a  bad  one,  since  synthetic  camphor,  identical  with 
natural  camphor,  has  now  been  prepared  under  several  patents. 
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carbon  recovered  is  not  pinene,  but  camphene.  The  further 
action  of  hydrochloric  acid  on  pinene  results  in  the  forma- 
tion of  dipentene  dihydrochloride,  showing  that  a  molecular 
rearrangement  has  taken  place.  Pinene  yields  a  character- 
istic compound  with  nitrosylchloride,  C10H16NOC1,  which  is 
of  great  use  in  identifying  the  hydrocarbon.  It  is  best  pre- 
pared (Ann.  Chem.,  ccliii.,  p.  251)  by  adding  15  c.c.  of  fuming 
hydrochloric  acid  to  a  well-cooled  mixture  of  50  c.c.  each  of 
turpentine,  glacial  acetic  acid,  and  ethyl  nitrite.  The  nitroso- 
chloride  separates  as  a  crystalline  precipitate,  and  can  be 
washed  with  alcohol  to  purify  it.  It  then  melts  at  103°  and 
is  optically  inactive.  By  the  action  of  alcoholic  solutions  of 
various  amines  on  the  nitrosochloride,  characteristic  nitrol- 
amines  are  formed,  of  the  general  formula 

/NO 
CioH16\ 

NHB1 

where  E  is  the  amine  radicle.  Of  these  pinene  nitrol-piperi- 
dine  melts  at  118°  and  pinene  nitrol-benzylamine  at  122°.  By 
treating  pinene  nitrosochloride  with  alcoholic  potash  nitroso- 
pinene  C10H15NO  is  obtained.  This  body  forms  monoclinic 
crystals  melting  at  132°.  The  action  of  bromine  on  pinene 
gives  rise  to  a  solid  di-bromide  C10H16Br2  melting  at  169°,  and 
possibly  to  a  liquid  tetrabromide. 

The  exact  constitution  of  pinene  is  still  a  matter  of  doubt, 
but  the  most  probable  formula  for  this,  and  those  for  several 
of  the  other  terpenes,  are  given  below. 

Camphene. — This  is  the  only  solid  terpene  known.  It 
occurs  to  a  small  extent  in  a  few  essential  oils,  such  as 
citronella,  ginger  and  camphor  oils.  It  occurs  to  a  greater 
extent  in  the  oil  from  Pinus  Siberica,  from  which  it  can  be 
separated  in  an  impure  condition.    It  is  prepared  artificially, 

1  Baeyer,  however,  holds  that  their  constitution  is  C,0H,a(NHR)Ns-O2 
(RHN)C]0H]6. 
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however,  by  several  reactions,  such,  for  example,  as  that 
mentioned  above,  viz.,  the  withdrawal  of  HC1  from  pinene 
monohydrochloride,  or  by  the  action  of  heat  in  the  presence 
of  acetic  anhydride  on  bornylamine,  Ci0H17NH2,  which 
causes  the  withdrawal  of  ammonia  and  leaves  camphene,  as 
follows : — 

C10H17NH2  =  C10H16  +  NH3. 
It  has  been  recognised  in  various  oils  by  its  ready  con- 
version into  isoborneol  by  the  action  of  sulphuric  and  glacial 
acetic  acids.  It  is  present  in  small  quantity  in  many  oils  in 
which  pinene  is  found,  but  not  in  sufficient  quantity  to  allow 
its  isolation. 

Camphene  is  a  crystalline  hydrocarbon,  melting,  according 
to  Wallach,  at  48°  to  49°  and  boiling  at  160°  to  161°.  Bruhl, 
however,  has  found  specimens  made  from  pinene  melting  at 
51°  to  52°,  and  from  bornyl  chloride  melting  at  53*5°  to  54°. 
The  higher  melting  point  is  probably  correct.  The  specific 
gravity  of  melted  camphene  is  0*850  at  48°  according  to 
Wallach  and  0*8422  at  54°  according  to  Bruhl.  Its  refractive 
index  is  1*4621. 

The  optical  rotation  of  camphene  is  a  matter  of  consider- 
able uncertainty.  It  exists  in  the  inactive  as  well  as  the  dextro- 
.and  Zaevo-rotary  varieties.  Zelinski  has  isolated  the  terpene 
from  Bussian  oil  of  turpentine,  with  a  rotation  of  -  70°  45', 
but  as  he  could  not  obtain  a  nitrosochloride  from  it,  it  was 
probably  impure.  Bouchardat  isolated  a  laevo-rotary  speci- 
men with  [a]  d  =  -  803  36',  whilst  Schindelmeiser  isolated  a 
specimen  from  Pinus  Siberica  with  [a]d  =  -94°  30';  but  as 
this  melted  at  40°,  the  figure  is  of  little  value.  Wallach 
finds  -  85°,  whilst  the  rotation  of  pure  synthetic  camphene 
is  +  104°. 

It  is  known  in  the  inactive,  as  well  as  in  the  dextro-  and 
laevo-rotary  forms.  The  compounds  of  camphene  are  less 
stable  than  those  of  pinene,  and  have  not,  in  many  cases, 
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been  prepared  in  a  pure  state.  It  is  probable  that  natural 
camphene  is  a  physical  isomer  of  the  synthetic  body. 

■  Limonene. — This  terpene  is  one  of  the  most  important, 
as  it  forms  from  80  to  90  per  cent,  of  several  essential  oils. 
It  is  known  in  the  dextro-  and  laevo-rotary  forms,  whilst 
when  inactive  it  is  known  as  dipentene,  which  will  be 
discussed  separately.    This  hydrocarbon  has  been  described 
under  the  names  hesperidene,  citrene,  carvene,  etc.    It  occurs 
as  dextro-limonene  in  oils  of  lemon,  orange,  bergamot,  dill 
and  other  oils,  and  as  laevo-limonene  in  certain  pine  needle 
oils,  and  Eussian  peppermint  oil.    It  is  a  liquid  of  specific 
gravity  0'844  at  20°,  boiling  at  177°  to  178°,  of  refractive  index 
1-4746.    The  purest  samples  of  dextro-  and  laevo-limonene, 
isolated  from  essential  oils,  had  for  their  optical  activity  - 105° 
and  +  106-8°  respectively  (Ann.  Chem.,  cclii.,  p.  144).  But 
pure  dextro-limonene,  prepared  by  reducing  limonene  tetra- 
bromide  resulting  from  the  action  of  bromine  on  limonene 
from  caraway  oil,  has  a  rotation  +  125°  36'.    With  hydro- 
chloric acid,  limonene  yields  an  optically  active  monohydro- 
chloride,  but  in  the  presence  of  water  dipentene  dihydrochloride 
is  formed.    By  the  action  of  bromine,  a  tetrabromide  C10H16Br4 
is  formed,  which  melts  at  104°,  and  is  a  very  useful  body  for 
identifying  the  hydrocarbon.    To  prepare  this  compound,  dis- 
solve the  isolated  terpene  fraction  in  four  times  its  volume  of 
glacial  acetic  acid,  cool  with  ice  water  and  gradually  add 
bromine  drop  by  drop  until  no  more  is  absorbed.  Crystals 
separate  rapidly  and  should  be  filtered  off  with  the  aid  of  a 
pump,  pressed  on"  a  porous  plate  and  crystallised  from  an 
equal  weight  of  warm  acetic  ether.    A  good  yield  is  obtained, 
and  the  crystals  should  melt  at  104°. 

Both  limonenes  yield  nitrosochlorides  C10H10NOC1,  each  of 
which  can  be  separated  into  two  modifications.  There  are 
thus  four  limonene  nitrosochlorides :  they  are  known  as  the 
a-  and  /3-  varieties  of  the  dextro-  and  Zaew-rotary  forms  of 
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the  terpenes.  The  a-  and  /3-  forms,  however,  yield  the  same 
carvoxime  on  treatment  with  alcoholic  potash. 

Here,  as  in  every  other  case,  the  only  difference  between 
the  derivatives  of  the  two  limonenes  is  that  they  are  equally 
active  optically  in  the  opposite  directions,  and  differ  in  the 
usual  way  in  crystalline  form.  The  nitrosochlorides,  on  boil- 
ing with  alcoholic  potash,  yield  nitroso-limonenes  Ci0H15NO. 
These  are  identical  with  the  two  carvoximes,  and  their  con- 
stitution is  probably  Ci0H14 .  NOH.  They  both  melt  at  72°. 
The  carvoxime  prepared  from  decetro-limonene-nitrosochloride 
is  Zaew-rotary,  whilst  that  from  £aet>o-lirnonene-nitrosochloride 
is  dextro -rotoxy . 

Tilden  and  Leech  have  prepared  nitrosocyanides  of 
limonene  by  the  action  of  potassium  cyanide  on  the  nitroso- 
compounds.  The  following  table  gives  the  melting  points 
and  optical  rotation  of  the  principal  of  these  and  other 
limonene  compounds. 


Compounds. 

Dextro- 
and  Laevo- 
Melting 
Point. 

Inactive 
Melting 
Point. 

Dextro- 
Rotation. 

Laevo- 
Rotation. 

Limonene  (pure) 

+  125-6° 

Limonene  (natural) 

+  106-8° 

-  105° 

a-nitrosochloride 

103-104° 

+  313-4° 

-  314-8° 

jS-nitrosochloride 

+  240-3° 

-  242-2° 

a-nitrosocyanide 

90-91° 

81° 

+  152-7° 

-  152-2° 

Benzoyl-o-nitrosocyanide 

108° 

96° 

+  126-3° 

-  127-2° 

£-nitrosocyanide 

140-141° 

159-160° 

-  31-6° 

+  30-6° 

Benzoyl-/3-nitrosocyanide 

121° 

98° 

-  108-2° 

+  108-7° 

a-amide  .... 

138° 

155° 

+  174-9° 

-  174° 

Benzoyl-o-amide 

152° 

150° 

+  241-7° 

-  242° 

a-carbloxylic  acid 

97° 

116° 

+  102-9° 

-  103-9° 

Dihydro-carvoxime  . 

88-5° 

115° 

+  9-46° 

-  9-25° 

Tetrabromide  . 

104° 

125-126° 

+  73-3° 

-  73-4° 

Carvoxime 

72° 

93° 

-  39-3° 

+  39-7° 

Monohydrochloride  . 

-  40° 

+  39-5° 

Nitrobenzylamine  . 

92° 

110° 

+  163-8° 

-  163-6° 

Dipentene. — This  hydrocarbon  was  for  some  time  regarded 
as  a  distinct  individual,  but  it  is  now  generally  believed  that, 
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although  it  is  such  in  a  sense,  it  is  the  optically  inactive 
form  of  limonene.  On  this  hypothesis  the  limonenes  bear  to 
dipentene  the  same  relationship  as  do  the  optically  active 
tartaric  acids  to  racemic  acid.  Dipentene  occurs  in  several 
essential  oils,  for  example,  in  camphor  oil,  in  certain  turpen- 
tine oils,  in  cubeb  oil,  and  in  thyme  oil.  It  also  results  from 
the  isomerisation  of  several  other  terpenes  by  means  of  heat. 
To  obtain  it  in  a  state  of  purity,  however,  the  best  method 
is  to  boil  dipentene  dihydrochloride  with  an  equal  weight  of 
dry  sodium  acetate  and  two  parts  of  acetic  acid  for  half  an 
hour  under  a  reflux  condenser.  The  resulting  oil  is  steam 
distilled,  boiled  with  potash,  and  again  distilled  with  steam 
and  purified  by  fractional  distillation. 

It  has  often  been  stated  that  dipentene  boils  at  a  much 
higher  temperature  than  limonene.  This,  however,  is  not 
so,  and,  doubtless,  the  examination  of  impure  samples  is 
responsible  for  this  statement.  Pure  dipentene  boils  at 
about  178°,  and  has  a  specific  gravity  -845  at  20°,  and  a 
refractive  index  1-47308.  The  relationship  of  dipentene  to 
limonene  is  here  indicated,  and  is  to  a  great  extent  proved 
by  the  fact  that  its  derivatives  can,  without  exception,  be 
prepared  by  mixing  equal  quantities  of  the  same  derivatives 
of  the  two  limonenes. 

The  following  are  amongst  the  most  important  of  its  de- 
rivatives. Dipentene  dihydrochloride  C10H16 .  2HC1  is  formed 
by  the  action  of  gaseous  hydrochloric  acid  on  either  dipentene, 
pinene  or  limonene.  It  forms  crystals,  melting  at  50°,  and 
boils  at  118°  to  120°  under  a  pressure  of  10  mm.  The 
tetrabromide  C10H16Br4  is  a  useful  body  for  identifying  the 
terpene.  It  is  prepared  by  the  action  of  bromine  on  dipen- 
tene, and  when  pure  melts  at  125°  to  126°.  The  nitroso- 
chloride  is  quite  analogous  to  the  above-mentioned  bodies. 
It  occurs  in  two  modifications.  The  action  of  alcoholic 
potash  solution  on  this  body  gives  the  inactive  nitroso- 
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dipentene,  which  is  identical  in  every  respect  with  inactive 
carvoxime,  melting  at  93°. 

It  is  possible,  however,  that  the  view  held  by  Semmler  that 
dipentene  is  not  identical  with  limonene  is  the  correct  one. 
He  has  suggested  a  nomenclature  for  the  terpenes  by  which 
those  compounds  which  contain  a  double  linkage  between 
the  nucleus  and  the  side  chain  should  be  called  pseudo-com- 
pounds, whilst  the  compounds  with  the  double  linkage  in 
the  nucleus  should  be  the  ortho -compounds.  He  suggested 
the  following  formulae  :— 

CH3  CH2  , 

•    I  || 

c  '  c 


HC  CH.,  H2C  CH., 

II  II 
H2C  CH2  H2C  CH2 


CH  CH 

i  J 

H3C  CH2  H3C  CH2 

ortho-limonene  pseudo-limonene 
Semmler  then  suggested  that  ortho-limonene  might  be 
ordinary  limonene,   and   that  dipentene  had  the  pseudo 
formula,  and  that  both  these  compounds  would  yield  identical 
halogen  derivatives  with  the  breaking  of  the  double  linkage. 
He  subsequently  modified  his  view  to  some  extent  and  con- 
sidered that  terpinene   was  represented  by   the  pseudo- 
limonene  formula.    It  is,  however,  quite  possible  that  some 
such  difference  as  this  may  account  for  the  peculiar  isomer- 
ism of  these  two  terpenes. 

Bruhl  gives  the  following  figures  for  limonene  :— 
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Boiling  Point 
(763  mm.  press., 
corr.). 

d. 

md/27 

MD/2 

calculated. 

d-limonene 
1-limonene 

d-  and  1-limonene 
in  equal  parts 

175-5  to  176-5° 
175-5  to  176-5° 
175-5  to  176-5° 

0-8402 
21° 
at-|s 

0-8407 

(J 

at  40  ■ 

0-8409 

20-7° 
at  ^0 

+ 104°  15' 
at  19-5° 

-101°  30' 
at  ly-5 

+ 1°  29' 
at  19° 

1-47428 
at  21° 

1-47468 
ac  JX)  o 

1-47448 
at  20-7° 

45-51 
45-52 
45-49 

45-24 
45-24 
45-24 

d-  and  so  much 
1-limonene  that 
the  mixture  was 
inactive 

175-5  to  176-5° 

0-8402 
20-85° 

at 

+  0° 
at  20° 

1-47443 
at  20-85° 

45-53 

45-24 

A  most  important  piece  of  work  has  recently  been  achieved 
by  W.  H.  Perkin  Junior  (Chemical  Society's  Journal,  1904, 
p.  654).  He  has  succeeded  in  synthesising  this  important 
terpene  in  the  following  manner  : — 

Pentane-tri-carboxylic  acid  C02H-CH(CH2 .  CH2 .  COOH)2 
is  digested  with  acetic  anhydride  and  then  distilled,  yielding 
a  keto-hexahydro-benzoic  acid.  The  esters  of  this  acid  readily 
react  with  magnesium-methyl-iodide,  yielding,  inter  alia,  cis- 
deZta-hydroxy-hexahydro-para-toluic  acid.  This  acid  yields 
<Mta-bromohexahydrotoluic  acid  with  fuming  hydrobromic 
acid,  and  this  lagain  on  treatment  with  sodium  carbonate 
yields  a  tetra-hydro-para-toluic  acid.  Esters  of  this  acid 
react  with  ethereal  solution  of  magnesium-methyl-iodide, 
resulting  in  the  formation  of  inactive  terpineol.  This  in  its 
turn,  with  potassium  bisulphate,  yields  inactive  dipentene. 
This  body  boils  at  181°  to  182°,  and  yields  a  tetrabromide 
melting  at  125°,  and  a  dihydrochloride  melting  at  48°  to  50°. 
The  investigator  is  still  working  on  the  subject. 

Fenchene.— This  terpene  is  not  found  in  nature,  or  if 
so,  only  to  a  very  minute  extent.  It  may  be  prepared  by 
reducing  the  ketone,  fenchone  C10Hu!O  to  its  alcohol  fenchyl 
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alcohol,  C10H17OH,  from  which  the  elements  of  water  can 
be  separated  by  means  of  potassium  bisulphate  at  a  high 
temperature,  when  fenchene  C10H16  results.  It  is,  however, 
certain  that  the  terpene  so  obtained  is  a  mixture  of  probably 
two  chemical  and  several  stereo-chemical  isomers.  The 
chemistry  of  this  terpene  is  in  an  unsatisfactory  state,  as  it  is 
doubtful  as  to  whether  any  pure  individual  has  been  isolated. 
According  to  Wallach  fenchene  is  a  liquid  boiling  at  155°  to 
156°,  of  specific  gravity  0-867  and  refractive  index  T4690  at 
20°.  According  to  Gardner  and  Cockburn  its  boiling  point 
is  150°  to  152°,  its  specific  gravity  08667  at  18°  and  its 
optical  rotation  -  6-46°.  Wallach  has,  later,  found  that  when 
Z-fenchyl  alcohol  prepared  from  d-fenchone  is  treated  as 
above,  it  yields  two  fenchyl  chlorides,  and  these  in  turn  yield 
two  fenchenes,  one  laevo-  and  the  other  dextro-vot&vy.  They 
are  both  derived  from  dextro-fenchene  and  Wallach  designated 
them  d-dextro-ienchene  and  d-laevo-lenchone. 

A  laevo-fenchene  also  appears  to  exist,  and  Wallach  gives 
+  21°  and  -  21°  as  the  limits  of  optical  rotation.  Kondakoff 
also  describes  two  isomeric  fenchenes,  of  which  one  was  isolated 
pure,  by  the  action  of  alcoholic  potash  on  fenchyl  bromide. 
This  has  a  specific  gravity  0'8385  at  20°  and  a  rotatory  power 
of  -  55°.  The  most  modern  researches  are  those  of 
Semmler  and  Kondakoff,  the  latter  of  whose  results  point  to 
the  formation  of  two  isomeric  semi-cyclic  terpenes,  which  he 
would  call  "  camphor  fenchene  "  and  "  isofenchonp  fenchene  ". 
Semmler,  however,  does  not  agree  with  this.  The  matter  is 
thus  seen  to  be  in  a  somewhat  chaotic  condition.  Fenchene 
combines  with  two  atoms  of  bromine,  yielding  a  liquid 
dibromide,  which  has  not  yet  been  obtained  in  a  pure  state. 
Fenchene  is  a  stable  terpene,  resisting  the  action  of  nitric 
acid  in  the  cold  to  a  much  greater  extent  than  other  terpenes. 

Sylvestrene .— This  terpene  occurs  in  Swedish  and  Eussian 
oils  of  turpentine  and  various  pine  oils.    It  can  be  prepared, 
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according  to  Wallach  (Ann.  Chem.,  ccxxxix.,  p.  24),  by  diluting 
with  an  equal  volume  of  ether  the  fraction  of  Swedish  turpen- 
tine which  boils  between  174°  and  178°.  This  is  saturated 
with  dry  hydrochloric  acid  gas,  and,  after  allowing  the  whole 
to  stand  for  two  days,  the  ether  is  distilled  off,  and  the  residue 
crystallised.  By  recrystallisation  from  warm  alcohol  it  can 
be  obtained  pure,  when  it  melts  at  72°.  The  hydrocarbon 
is  obtained  from  its  dihydrochloride  by  heating  with  aniline, 
or  with  acetic  acid  and  sodium  acetate.  Sylvestrene  has  an 
odour  recalling  that  of  bergamot.  It  boils  at  176°  to  177°, 
has  a  specific  gravity  "851  at  15"5°,  and  a  refractive  index 
1*4747.  Natural  sylvestrene  is  dextro-rotary  [a]  d  =  +  66'3°. 
A  characteristic  colour  reaction  of  this  terpene  is  as  follows  : 
one  drop  of  sylvestrene  is  dissolved  in  a  little  acetic 
anhydride,  and  one  drop  of  concentrated  sulphuric  acid 
is  added.  An  intense  blue  colour  results.  It  is  a  most 
stable  terpene,  which  polymerises  under  the  influence  of 
heat,  without  yielding  any  of  the  isomeric  terpenes.  It 
forms  a  characteristic  dihydrochloride,  already  mentioned, 
and  a  tetrabromide  C10H16Br4,  melting  at  135°.  The  nitro- 
sochloride  melts  at  106°  to  107°.  The  various  compounds 
of  sylvestrene  which  have  been  prepared  are,  as  is  the 
hydrocarbon,  dextro-rotary. 

Carvestrene. — This  hydrocarbon  is,  in  all  probability,  the 
optically  inactive  variety  of  sylvestrene.  But  this  cannot 
be  definitely  proved  until  it  is  resolved  into  the  two  optically 
active  varieties,  or  until  laevo-sylvestrene  is  discovered,  when 
a  mixture  of  the  two  sylvestrenes  should  yield  carvestrene. 
It  yields  the  characteristic  sylvestrene  colour  reaction  men- 
tioned above,  which  the  other  terpenes  do  not.  Carvestrene 
has  not  been  found  in  nature,  having  been  prepared  by 
Baeyer  (Berichte,  xxvii.,  p.  3485)  by  the  distillation  of 
carylamine  hydrochloride,  C10H17NH2 .  HC1,  in  an  atmosphere 
of  dry  hydrochloric  acid  gas.    It  is  an  optically  inactive 
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liquid,  boiling  at  178°.  It  forms  a  crystalline  dihydrochloride, 
C10H162HC1,  melting  at  52*5°,  and  a  dihydrobromide  melting 
at  49°. 

Perkin  and  Tattersal  have  achieved  a  complete  synthesis 
of  carvestrene  identical  in  all  respects  with  Baeyer's 
hydrocarbon,  starting  from  m-hydroxy-benzoic  acid  (Chem. 
Soc.  Journal,  1907,  480).  This  synthesis  establishes  the 
formula 

CH  \CCHf-CHH/CH  •  C(CH3)  '  CH2' 
Phellandrene. — In  the  previous  edition  of  this  work 
phellandrene  was  described  as  a  single  terpene.  Much  con- 
fusion has  been  introduced  into  the  chemistry  of  the  terpenes 
by  the  use  of  the  qualifications  a  and  /3  to  distinguish  bodies 
at  one  time  believed  to  be  identical,  but  later  shown  to  be  differ- 
ent. This  is  to  be  regretted,  as  it  is  obviously  the  proper  course 
to  give  a  new  name  to  one  of  the  bodies,  leaving  the  old  name 
for  the  other. 

The  old  "phellandrene"  was  isolated  from  oils  of  certain 
species  of  eucalyptus,  elemi,  bitter  fennel  and  water  fennel, 
and  was  described  as  a  terpene  of  specific  gravity  0*8558  at  10°, 
and  an  optical  rotation  of  ±  18°. 

Wallach  has,  however,  now  shown  that  the  dextro- 
phellandrene  from  elemi  oil  and  that  from  bitter  fennel  oil 
are  identical,  and  that  laevo-phellandrene  from  eucalyptus  oil 
is  its  optical  antipode,  and  to  these  bodies  he  assigns  the  name 
<i-a-phellandrene  and  i-a-phellandrene.  The  dextro-phellan- 
drene  from  water  fennel  oil  is  a  different  body  and  he  terms 
this  c?-/3-phellandrene.  The  optical  antipode  of  this  is  not  yet 
discovered.  All  varieties  of  phellandrene  are  unstable  and 
easily  susceptible  of  change.  They  readily  yield  a  nitrite, 
C10H1GN2O2,  which  is  prepared  in  the  following  manner. 
Eive  grammes  of  sodium  nitrite  in  8  c.c.  of  water  are  added  to 
5  c.c.  of  the  fraction  of  an  oil  rich  in  phellandrene,  dissolved  in 
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10  c.c.  of  petroleum  ether,  and  the  mixture  well  shaken  ;  5  c.c. 
of  acetic  acid  are  then  added.  The  resulting  crystals  are 
washed  with  water  and  alcohol,  and  then  dissolved  in  chloro- 
form, from  which  the  pure  compound  is  precipitated  by  the 
addition  of  alcohol.  The  following  figures  are  the  most 
authentic  for  the  phellandrenes : — 

Specific  Refractive 
Gravity.    Rotation.  Index. 

Dextro-a-phellandrene    .       .    0*846  1-4732 

Dextro-/8-phellandrene   .       .    0-848       +  14°45'  1-4759 

Each  variety  of  phellandrene  yields  two  isomeric  nitrites, 
six  of  which  have  been  prepared  and  have  the  following 
characters : — 


Dextro-a-phellandrene  a-nitrite 
Laevo-a-phellandrene  a-nitrite  . 
Dextro-o-phellandrene  /3-nitrite 
Laevo-a-phellandrene  ^-nitrite  . 
Dextro-#-phellandrene  a-nitrite 
Dextro-yS-phellandrene  /3-nitrite 


Specific  Melting 
Rotation.  Point. 

-  138-4°  112°-113° 
+  135-9°  112°-113° 

+  45-9°  105° 

-  40-8°  105° 

-  159-3°  102° 

+  0°  97°-98° 


The  other  two  varieties  have  not  yet  been  prepared.  A 
long  study  of  the  conversion  products  of  phellandrene  nitrite 
leads  Wallach  to  consider  the  following  to  be  the  correct 
formulae  for  a-phellandrene  and  ^-phellandrene : — 


C-CH3  C:CH> 


HC    CH  ELC  CH 

I    II  I  I! 

HoC    CH  H>C  CH 


CH-C3H7  CH-(C3H7) 
a-phellandrene  /3-phellandrene 

Terpinolene. — This  terpene  has  not  been  found  in  nature. 
It  is  formed  by  the  isomerisation  of  other  terpenes  by  the 
action  of  sulphuric  acid,  or  by  heating  cineol  or  terpineol 
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with  sulphuric  or  phosphoric  acid.  It  is  known  only  in  the 
optically  inactive  variety.  It  boils  at  about  185°,  and  has 
a  specific  gravity  of  about  -855.  It  forms  a  well-defined 
dibromide  melting  at  69°,  and  a  tetrabromide  melting  at 
116°. 

Terpinene.— This  terpene  was  found  by  Weber  in  oil  of 
cardamoms  (Ann.  Ghem.,  ccxxxviii.,  p.  107).  It  results,  like 
terpinolene,  from  the  isomerisation  of  several  of  the  other 
terpenes  by  the  action  of  sulphuric  acid.  It  boils  at  about 
180°,  and  has  a  specific  gravity  "847  at  20°,  and  a  refractive 
index  1-48458.  It  is  optically  inactive.  It  forms  a  nitrosite 
C10H16N2O3  melting  at  155°.  The  halogen  addition  products 
are  liquid.    The  dihydrochloride  melts  at  52°. 

Thujene. — This  terpene  has  not  been  isolated  from  any 
essential  oil.  Tschugaeff  has  prepared  a  terpene,  apparently 
a  bicyclic  hydrocarbon,  by  the  dry  distillation  of  thujyl  xantho- 
genate.  It  is  a  mobile  liquid  of  delicate  odour,  recalling  those 
of  thuja  and  pine  oils,  boiling  at  151°  to  153°,  of  specific  gravity 
0-8275  at  20°  C,  and  of  refractive  index  1-45042.  It  is  slightly 
laevo -rotary.  It  is  very  unstable  and  on  account  of  its  low 
specific  gravity  may  be  classed  half-way  between  the  ordinary 
and  the  olefinic  terpenes.  The  terpene  prepared  by  the 
distillation  of  thujylamine  hydrochloride,  which  was  formerly 
known  as  thujene,  and  which  is  identical  with  Semmler's 
tanacetene,  is  now  better  termed  iso-thujene.  This  body  is 
described  by  Semmler  as  of  specific  gravity  0-8508,  and  re- 
fractive index  1'4760.  Wallach,  however,  describes  it  as  of 
specific  gravity  0-836  and  refractive  index  1-47145.  This 
terpene  is  of  little  importance  practically. 

The  following  table  summarises  the  published  figures  for 
this  troublesome  hydrocarbon  : — 
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Boiling  Point. 

Specific 
Gravity. 

Rotation. 

Refractive 
Index. 

Semmler's  Thujene — 

60°-63°  (14  mm.) 

Wallach's  Thujene— 

170°-172°  (760  mm.) 

Tschugaefi's  Thujene — 

151°-152-5°  „ 

Kondakofi's  Hydrocarbon — 

1.  147°-150° 

2.  150°-151-5° 

4.  152-5°-156° 

5.  156°-168° 

0-8508  at  15° 

0-8360  at  15° 

0-8275  at  15° 

0-8258  at  18° 
0-8260  at  18° 
U  o27\)  at  17 
0-8286  at  17° 
0-8286  at  17° 

+  48°  32' 
+  40°  15' 
+  28°  12' 
+  12°  1' 
+   3°  33' 

1-47600 

1-47145 

1-45042 

1-44929 
1-45001 
1-44999 
1-44909 
1-45259 

An  examination  of  these  figures,  especially  the  specific 
gravities  and  refractive  indices,  would  certainly  lead  one  to 
suppose  that  Tschugaeffs  "  thujene  "  contains  aliphatic  hydro- 


carbons. 

Sabinene—  This  terpene  was  discovered  in  oil  of  savin 
by  Semmler.  It  belongs  to  what  that  chemist  has  called  the 
pseudo-series  (Berichte,  1900,  1455).  It  is  a  liquid  of  specific 
gravity  0-840,  refractive  index  1-4660  at  20°  and  boils  at  162°  to 
166°.  It  is  transformed  into  terpinene  by  boiling  with  dilute 
sulphuric  acid,  and  yields  sabinenic  acid  C10HleO3  on  oxidation 
with  permanganic  acid.  It  forms  a  monohydrochloride  boil- 
ing at  87°  to  92°  at  12  mm.,  and  of  specific  gravity  0'970  and  re- 
fractive index  1-4824.  This  terpene  is  bicyclic,  and  is  also 
found  in  Pilea  oil. 

Firpene. — Frankforter  and  Frany  have  isolated  a  terpene, 
which  they  term  firpene  from  the  American  oleoresin  known 
as  "Western  Fir"  turpentine.  It  differs  in  odour  and  in 
properties  from  pinene,  which  it  somewhat  resembles.  It 
has  the  following  characters  :  specific  gravity  at  20°  =  0*8598  ; 
boiling  point,  152°  to  154° ;  refractive  index,  1-47299  at  20° ; 
optical  rotation- 47-2°.  It  yields  a  hydrochloride  melting  at 
130°  to  131°.  It  yields  a  dibydrochloride,  and  a  hydrobromide 
melting  at  102°.  It  does  not  yield  a  crystalline  nitrosyl- 
chloride. 
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Sesquiterpenes. 

The  sesquiterpenes  are  polymers  of  the  terpenes,  with 
which  they  are  closely  related,  of  the  formula  C15H24.  A 
large  number  no  doubt  exist,  but  on  account  of  the  difficulty 
in  purifying  the  hydrocarbons  none  can  be  said  to  be  estab- 
lished as  definite  individuals  until  pure  derivatives  are 
prepared,  whose  properties  can  be  studied.  The  principal 
well-defined  sesquiterpenes  appear  to  be  the  following : 
•cadinene,  caryophyllene,  cedrene,  clovene,  humulene,  ledene, 
patchoulene,  atractylene,  santalene  and  zingiberene,  and 
a  hydrocarbon  occurring  in  the  oil  of  Cannabis  indica. 

Cadinene. — This  sesquiterpene  is  found  in  its  laevo-ro- 
tary  form  in  the  oils  of  cade,  patchouli,  galbanum  and  others. 
Dextro-cadinene  is  found  in  the  so-called  West  Indian  santal 
oil.  To  prepare  it  in  the  pure  state,  Wallach  recommends 
the  following  process.  The  fraction  of  oil  of  cade  boiling  be- 
tween 260°  and  280°  is  saturated  with  hydrochloric  acid  gas, 
■and  the  resulting  cadinene  hydrochloride  is  purified  and  re- 
converted into  the  hydrocarbon  by  heating  it  with  aniline. 
When  pure,  cadinene  boils  at  275°,  and  has  a  specific  gravity 
•921  at  15-5°,  and  a  refractive  index  1-5065.  Its  laevo-rotation 
is  [a]d  =  -  98'6°.  Dextro-cadinene  is  found  in  the  oil  of 
Cedrus  Atlantica.  It  forms  a  dihydrochloride,  melting  at.  117° 
to  118°,  of  the  formula  C15H242HC1,  and  corresponding  com- 
pounds with  hydrobromic  and  hydriodic  acids.  All  these  com- 
pounds are  laevo-rotary.  The  dextro-variety  yields  correspond- 
ing dextro-rotary  compounds. 

Cadinene  yields  a  well-defined  nitrosate  when  one  part  of 
cadinene  is  cooled  in  a  freezing  mixture,  and  dissolved  in  three 
parts  of  acetic  acid.  To  this  is  added  one  part  of  ethyl  nitrite. 
A  mixture  of  equal  parts  of  concentrated  nitric  acid  and 
glacial  acetic  acid  is  now  slowly  added,  and  the  whole  is 
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diluted  with  alcohol.  The  resulting  precipitate  is  filtered 
with  the  aid  of  a  pump  and  washed  with  alcohol.  Cadinene 
nitrosate  is  a  white  crystalline  powder  melting  at  105°  to  110° 
with  decomposition. 

Cadinene  yields  a  beautiful  colour  reaction  when  a  few 
drops  are  dissolved  in  chloroform  and  shaken  with  a  few 
drops  of  concentrated  sulphuric  acid.  The  liquid  turns  dark 
green,  passing  to  blue  and  becoming  red  on  warming.  If  acetic 
acid  be  used  instead  of  sulphuric  acid,  the  blue  colour  is  more 
marked. 

Caryophyllene. — It  is  doubtful  whether  this  body  has  yet. 
been  prepared  in  a  state  of  absolute  purity.  It  was  first 
characterised  as  a  definite  sesquiterpene  by  Wallach,  who. 
converted  it  into  a  crystalline  alcohol,  caryophyllene  alcohoL 
The  purest  caryophyllene  obtained  from  clove  oil,  in  which  it 
occurs  to  a  considerable  extent,  had  the  following  character- 
istics :  boiling  point,  259° ;  specific  gravity  at  15°,  O9030 ; 
refractive  index,  l-4998.    Its  rotation  was-9c. 

Caryophyllene  yields  a  hydrochloride  melting  at  67°  to  70°' 
by  saturating  its  ethereal  solution  with  dry  hydrochloric  acid 
gas  and  allowing  it  to  stand  for  a  long  time  with  alcohol.. 
The  nitrosate  C15H24N204  is  prepared  by  mixing  equal  amounts 
of  caryophyllene,  acetic  acid  and  ethyl  nitrite  in  a  freezing 
mixture,  and  adding  the  same  amounts  of  nitric  and  acetic 
acids  mixed.  After  well  shaking,  alcohol  is  added,  when  the- 
nitrosate  is  precipitated,  and  melts  at  148°  to  149°.  A  nitrosite 
C15H24N203  is  prepared  by  mixing  25  c.c.  of  caryophyllene,  25 
c.c.  of  petroleum  ether  and  25  c.c. of  saturated  solution  of  sodium 
nitrite.  Acetic  acid  is  then  slowly  added  and  the  whole  well 
shaken.  The  whole  is  frozen  for  two  hours,  when  the  nitrosite 
separates  as  a  solid  mass  of  blue  needles  melting  at  113  .  The: 
specific  rotary  power  of  this  compound  is  +  103°.  A  nitroso- 
chloride  (C15H24N0C1)2  can  be  prepared  by  the  action  of 
alcoholic  hydrochloric  acid  on  a  mixture  of  caryophyllene,. 
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alcohol,  ethyl  acetate  and  ethyl  nitrite  in  a  freezing  mixture. 
It  melts  with  decomposition  at  158°  to  162°.  Deussen  has- 
shown,  however,  that  this  body  is  a  mixture  of  two  isomeric 
nitrosochlorides,  melting  at  159°  and  179°  respectively  (Annalen, 
1907,  356,  i.).  To  prepare  the  crystalline  alcohol,  25  grammes 
of  crude  caryophyllene  (obtained  from  oil  of  cloves  by  dis- 
tillation, or  by  absorbing  the  eugenol  with  solution  of  caustic 
alkali)  are  added  to  a  mixture  of  1000  grammes  of  acetic  acid, 
20  grammes  of  concentrated  sulphuric  acid,  and  40  grammes, 
of  water.  This  is  heated  for  several  hours  in  the  water  bath. 
The  product  of  the  reaction  is  distilled  with  steam,  when,, 
during  the  latter  part  of  the  process,  the  solid  alcohol  distils- 
over.  This  is  separated  and  dried,  and  finally  re-distilled. 
The  alcohol,  C15H25OH,  boils  at  288°,  and  sublimes  in  needles,, 
melting  at  95°.  It  is  almost  insoluble  in  water,  but  soluble 
in  the  usual  organic  liquids.  It  is  optically  inactive.  It  is 
characterised  by  the  formation  of  a  phenylurethane,  C15H250  . 
CO  .  NH  .  C6H5,  melting  at  136°.  It  also  forms  an  acetate,. 
C15H250  .  COCH3. 

Gedrene  is  the  characteristic  sesquiterpene  of  cedar  wood, 
oil.  Its  properties  are,  however,  not  yet  definitely  agreed 
upon,  as  it  is  doubtful  whether  it  has  been  prepared  in  a. 
pure  state.  According  to  Eousset  (Bull.  Soc.  Chim.,  1897, 
p.  485)  its  optical  activity  is  -  47-9°,  whilst  other  chemists 
give  it  as  -  60°.  Its  specific  gravity  is  about  "936  and  boiling 
point  262°.  Its  refractive  index  is  1 '50233  at  20°.  Chapoteaut 
has  alleged  that  the  hydrocarbon  of  cedar  wood  oil  has  the 
formula  C^H^,  and  that  it  is  identical  with  that  yielded  by 
the  action  of  phosphoric  anhydride  on  santalal,  one  of  the 
constituents  of  santal  wood  oil,  but  this  is  not  probable. 

Cedar  "camphor,"  or  cedrol,  a  crystalline  constituent 
of  cedar  wood  oil,  is  probably  the  sesquiterpene  alcohol  cor- 
responding to  cedrene.  Its  composition  is  C15H2r)OH,  and  when 
dehydrated  with  phosphoric  anhydride  it  yields  a  terpene,. 
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which  Walter  believed  to  be  cedrene.  Schimmel  &  Co.  have 
•dehydrated  cedrol  by  means  of  formic  acid,  and  find  the  re- 
sulting terpene  to  boil  at  262°  to  263°,  and  to  have  a  rotation  of 
-  80°.  It  is  probable  that  this  is  pure  cedrene,  and  that  the 
lower  rotations  observed  are  due  to  the  terpene  not  having 
been  separated  from  the  oil  in  a  pure  condition. 

Glovene. — This  hydrocarbon  has  not  been  found  in  nature. 
When  caryophyllene  alcohol  is  treated  with  dehydrating 
agents,  it  yields  up  water,  with  the  formation  of  a  hydro- 
carbon which  is  not  identical  with  caryophyllene.  This  is 
termed  clovene.  Its  boiling  point  is  nearly  identical  with 
that  of  caryophyllene,  viz.,  262°,  but  its  specific  gravity  is 
•930  at  18°.  Its  refractive  index  is  l-5006.  It  is  further  dis- 
tinguished from  the  hydrocarbon  to  which  it  owes  its  existence, 
by  not  yielding  a  crystalline  alcohol,  when  treated  in  the  way 
described  for  obtaining  caryophyllene  alcohol  from  cary- 
ophyllene. 

Humulene. — This  hydrocarbon  was  discovered  in  oil  of 
hops  by  Chapman  (Jour.  Chem.  Soc,  1895,  p.  54).  It  is  a 
liquid  boiling  at  265°,  under  ordinary  pressure,  and  of  specific 
gravity  "9001.  It  forms  liquid  halogen  compounds,  and  does 
not  yield  a  crystalline  alcohol.  The  nitrosochloride,  however, 
€:5H24N0C1,  is  crystalline,  and  melts  at  164°.  The  nitrosate, 
•C15H24N204,  melts  at  162°. 

Ledene. — This  sesquiterpene  has  not  been  found  natur- 
ally, it  having  been  prepared  by  dehydrating  ledum  camphor 
'C15H20O  (from  Ledum  palustre).  It  boils  at  255°,  but  its 
properties  are  not  well  understood. 

Patchoulene. — This,  too,  is  obtained  by  dehydrating  its 
.corresponding  alcohol,  the  so-called  patchouli  camphor 
C15H20O.  It  boils  at  254°,  has  a  specific  gravity  '939  at  23°, 
.and  a  refractive  index  1-50094.  It  closely  resembles  cedar 
in  odour. 

Atractylene. — Gadamer  and  Amenomiya  (Archiv  der 
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Pharmazie,  1903,  22)  have  prepared  a  well-defined  terpene,. 
which  they  term  atractylene,  by  dehydrating  atractylol,  a 
crystalline  sesquiterpene  alcohol  separated  from  the  oil  of 
Atractylis  ovata.  It  is  an  oil  with  an  odour  of  cedar  wood, 
boiling  at  125°  to  126°  at  10  mm.,  of  specific  gravity  09101  at  20°' 
and  refractive  index  1-50893.    It  polymerises  on  keeping. 

Santalene. — Von  Soden  and  Miiller  first  observed  the 
presence  of  a  sesquiterpene  in  oil  of  santal  wood.  They 
described  it  as  of  specific  gravity  0-898,  boiling  point  261°  and 
optical  rotation  -  21°.  No  crystalline  compounds  could  be 
prepared.  Guerbet  (Bull.  Soc.  Chim.,  1900,  540)  states  that 
two  sesquiterpenes  are  present  in  the  oil,  to  which  he  assigns- 
the  names  a-santalene  and  /3-santalene.  The  properties  of 
these  two  sesquiterpenes  are  as  follows : — 

Boilina  Specific 
xw„w  Gravity  Rotation. 

Fomt-  at  0°. 

o-Santalene      253°-254°        0-9134  -  13-98° 

0-Santalene      263°-264°        0-9139  -  28-55° 

Both  hydrocarbons  form  acetates  when  heated  with  glacial 
acetic  acid  in  sealed  tubes.  a-santalene  forms  a  liquid 
dihydrochloride  of  optical  rotation  +  6°,  when  dry  hydrochloric 
acid  is  passed  through  its  ethereal  .solution.  It  also  forms  a. 
crystalline  nitrosochloride  melting  with  decomposition  at 
122°,  and  a  nitrol-piperidide  melting  at  108°  to  109°.  /3-santa- 
lene  forms  corresponding  compounds,  the  dihydrochloride  hav- 
ing a  rotary  power  +  8".  It  forms,  however,  two  isomeric, 
nitrosochlorides,  C10H24NOC1.  They  may  be  separated  by 
fractional  crystallisation  from  alcohol.  One  melts  at  106°,. 
the  other  at  152°.  The  corresponding  nitrol-piperidides  melt, 
at  105°  and  101°  respectively.  It  may  here  be  mentioned 
that  the  body  termed  amyrol,  obtained  from  the  so-called 
West  Indian  santal  oil,  and  originally  known  as  santalol, 
yields  a  sesquiterpene  on  dehydration. 
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Zingiberene. — This  sesquiterpene  forms  the  chief  constitu- 
ent of  oil  of  ginger.  It  is  obtained  in  a  nearly  pure  condition  by 
■the  repeated  fractionation  of  the  oil  under  reduced  pressure. 
It  boils  at  160°  to  161°  at  32  mm.,  and  at  269°  to  270°  at  760  mm. 
It  has  the  specific  gravity  0-8731  at  20°,  refractive  index 
1-49399  at  20°,  and  optical  rotation  about  -  70°.  Its  dihydro- 
chloride,  C15H242HC1,  melts  at  168°  to  169° ;  the  nitrosochloride, 
'C15H24N0C1,  melts  at  96°  to  97°,  the  nitrosite,  C15H24N203,  at  97° 
to  98°,  and  the  nitrosate,  C15H24N204,  at  86°  to  88°. 

Sesquiterpene  from  Oil  of  Cannabis  Indica. — This  may 
iairly  be  considered  a  definite  body,  as  it  has  been  isolated  by 
many  different  observers  and  described  by  them  at  different 
times.  Valenta  (Gazzetta,  1880,  p.  540)  first  mentions  it. 
Tignolo  (Gazzetta,  1895,  p.  110)  describes  it  as  a  mobile  liquid 
hoiling  at  256°,  of  specific  gravity  -897  at  15°,  and  slightly 
laevo-rotary.  Wood,  Spivey  and  Easterfield  (Jour.  Ghem. 
Soc.,  1896,  p.  543)  give  the  boiling  point  as  258°  to  259°,  the 
specific  gravity  as  "898  at  18°,  and  the  rotation  as  -  8'6°.  The 
name  cannibene  may  be  applied  to  this  hydrocarbon.  Personne 
first  gave  this  name  to  what  is  now  known  to  be  an  impure 
compound  obtained  from  the  oil. 

Olefinic  Teepenes  and  Sesquiteepenes. 

There  are  several  so-called  terpenes  and  sesquiterpenes, 
usually  described  as  olefinic,  and  which  are  not  true  terpenes 
at  all,  belonging,  as  they  do,  to  the  open-chain  series  of  com- 
pounds. Their  general  relation  to  the  terpenes  and  to  es- 
sential oils  generally  renders  it  convenient,  however,  that  they 
•should  be  briefly  described  here.  The  first  member  of  this 
group  to  be  described  was  the  artificially  prepared  anhydro- 
geraniol  discovered  by  Semmler.  Although  it  is  probable 
that  the  oils  of  hops  and  of  origanum  (Smyrna)  contain  such 
hodies,  the  only  well-defined,  naturally  occurring  olefinic  ter- 
penes are  myrcene  and  ocimene.   The  author  has  also  found 
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a  similar  body  in  West  Indian  lemon-grass  oil,  but  it  is  not 
yet  fully  investigated. 

Myrcene.— This  body  is  found  in  oils  of  bay  and  sassafras 
leaves.  It  has  a  characteristically  low  specific  gravity,  0-801 
at  15°,  and  a  refractive  index  of  1-4700  (Enklaar,  Thesis, 
Utrecht,  1905).  It  boils  at  67°  to  68°  at  20  mm.  pressure. 
Myrcene  rapidly  oxidises  and  resinifies  by  exposure  to  the 
air. 

Ocimene. — This  compound  is  found  in  the  leaves  of 
Ocimum  basilicwrn.  Its  characters  are  very  similar  to  those 
of  myrcene:  it  boils  at  172°,  specific  gravity,  0-8031,  and 
refractive  index  at  20°,  1-4857.  It  does  not,  however,  alter 
to  any  considerable  extent  by  exposure  to  the  atmosphere. 
But  on  heating  it  is  converted  into  an  isomer,  allo-ocimener 
which  boils  at  188°;  has  a  specific  gravity,  0-8172  at  15*5% 
and  a  refractive  index,  1*5296.  The  constitutions  of  these 
two  bodies  are  probably  : — 

CH3        /CH2— CH, 

ch/°:CH  /=ch2 

CH2  =  CH 
Myrcene 

nrr  /  CH.;  CH 

yC  :  CH  n  prr 

CB./  ^-CH3 

CH2  =  CH 
Ocimene 

Amongst  the  olefinic  sesquiterpenes,  bodies  which  appear 
to  bear  the  same  relation  to  the  sesquiterpenes  proper,  as  the 
olefinic  terpenes  do  to  the  terpenes,  only  a  few  have  been  well 
characterised. 

From  Citronella  Oil. — Schimmel  &  Co.  have  isolated  a 
body  of  this  nature  from  citronella  oil.  It  has  the  following 
characters  :  specific  gravity,  0-8643  at  15° ;  refractive  index  at 
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15°,  1-5185;  optical  rotation,  +  1°  28';  boiling  point,  270°  to 
280°  with  decomposition,  or  157°  at  15  mm, 

Limene. — This  compound  was  isolated  from  the  distilled 
oil  of  limes  by  Burgess,  and  also  occurs  in  the  oil  of  Piper 
volkensii.  According  to  its  discoverer  it  has  the  following 
characters  :  specific  gravity  at  15°,  0*873 ;  refractive  index 
at  15°,  1-4935  ;  boiling  point,  131°  at  9  mm.,  or  262°  at  750°  with 
slight  decomposition.    It  is  optically  inactive. 

There  have  been  numerous  other  sesquiterpenes  de- 
scribed, but  they  have  always  been  prepared  in  a  doubtful 
state  of  purity.  But  little  information  is  given  of  their 
properties,  and  less  of  their  derivatives.  There  is  no  doubt 
that  a  closer  examination  of  these  will  establish  the  chemical 
individuality  of  some,  but  will  prove  that  many  are  but  im- 
pure forms  of  bodies  already  known  and  described.  An  ex- 
tensive and  systematic  study  of  this  complex  group  of  bodies 
is  very  urgently  needed.  The  foregoing  table  (p.  31)  sum- 
marises the  chief  physical  characters  of  the  well-known 
terpenes  and  sesquiterpenes.  Some  of  them  are  necessarily 
only  approximate. 

The  following  diagrammatic  formulae  are  amongst  the 
most  probable  of  those  which  have  been  put  forward  as  re- 
presenting the  constitution  of  pinene,  camphene  and  limonene. 
Two  remarks,  however,  must  be  made  in  this  connection. 
The  instability  of  this  group  of  bodies,  and  the  ease  with 
which  they  enter  into  reaction,  are  such  as  to  have  so  far 
prevented  their  constitution  being  settled  at  all  definitely. 
Secondly,  so  many  different  views  are  held  on  the  matter, 
that  those  formulae  only  which  appear  to  the  author  to  have 
most  experimental  work  in  their  favour  have  been  selected. 

PlNENE. 

/       C .  CH, 
C6H10"<  ii 

XCH2-CH 
3 
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Camphene. 
(CH3)2C— CH— CH2 
CH2 

CH3 .  C — CH — CH2  . 
Limonene  and  Dipentene. 
CH  —  CH2 

S  \ 
(CH3)C         CH  .  C(CH3) :  CH2 

\  / 
CH2  — CH2 


II.  THE  CAMPHOR  SERIES. 
Under  this  heading  may  be  classed  a  number  of  oxygen- 
ated compounds  which  are  closely  related  in  their  chemical 
constitution  to  the  terpenes.  The  more  important  of  these 
may  be  grouped  in  pairs — an  alcohol  with  its  corresponding 
ketone.  A  few  other  bodies  than  these  will  be  described 
here,  chiefly  as  a  matter  of  convenience.  The  following,  then, 
are  the  most  important,  and  better  known  of  these  bodies : — 


Alcohols. 
Borneol,  C10H17OH 
Isoborneol,  C10H17OH 
Fenchyl  alcohol,  C10H17OH 
Thujyl  alcohol,  C10H17OH 
Ci0H17OH 
C10H17OH 


Terpineol, 
Pulegol, 
Menthol, 


Ketones. 
Camphor,  C10H16O. 


Fenehone,  C10H16O. 
Thuj  one,  C10H16O. 

Pulegone,  C10H16O. 
Menthone,  C10HlgO. 


CioH19OH 

Borneol,  C10H17OH. — This  compound  occurs  naturally,  in 
both  optically  active  modifications  ;  as  dextro-borneol  in  the 
wood  of  Dryobalanops  camphora  (Borneo  camphor),  and  as 
laevo-borneol  in  Blumea  bcdsamifera  (Ngai  camphor).  It 
also  occurs  optically  inactive.  It  forms  crystalline  masses,  or, 
when  recrystallised  from  petroleum  ether,  fine  tablets  which, 
when  quite  pure,  melt  at  203°.  Its  boiling  point  is  only  a 
few  degrees  higher,  viz.,  212°.  According  to  Bouchardat  the 
melting  point  is  lower  than  that  given,  but  this  is  un- 
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doubtedly  due  to  the  fact  that  his  borneol  was  impure, 
probably   containing    some    isoborneol.    Borneol    can  be 
prepared  artificially  by  reducing  its  ketone  (camphor)  with 
sodium.    Fifty  grammes  of  pure  camphor  are  dissolved  in 
500  c.c.  of  nearly  absolute  alcohol,  and  treated  with  60 
grammes  of  sodium.    After  the  reaction  is  complete  the 
whole  is  poured  into  a  large  volume  of  water,  and  the 
resulting  borneol  is  collected,  washed,  pressed  and  recry- 
stallised  from  petroleum  ether.    This  method  of  preparation, 
however,  yields  a  mixture  of  borneol  and  isoborneol.  The 
chemically  pure  body  is  best  prepared  by  the  saponification 
of  its  acetate.    On  oxidation,  the  converse  reaction  takes 
place,  with  the  formation  of  camphor.    Borneol  forms  a 
series  of  esters  with  the  organic  acids,  of  which  bornyl 
acetate  is  most  frequently  found  in  nature.    This  body  melts 
at  29°,  and  has  a  specific  gravity  of  "991  at  15°.    It  is  optically 
active.    In  common  with  a  large  number  of  alcoholic  bodies 
borneol  forms  a  crystalline  phenylurethane.    This  can  be 
prepared  by  the  interaction  of  phenylisocyanate  and  borneol. 
It  melts  at  138°.    Bornyl  chloride,  prepared  by  the  action  of 
phosphorus  pentachloride  on  borneol,  melts  at  157°. 

Borneol  forms  crystalline  compounds  with  chloral  and 
bromal,  the  former  melting  at  55°  and  the  latter  at  98°. 

The  remarks  made  under  camphor  as  to  its  probable 
constitution  apply  to  borneol,  remembering  that  the  two 
bodies  are  related  to  one  another  as  an  alcohol  and  ketone. 

Bertram  and  Walbaum  give  the  following  as  the  characters 
of  several  of  the  borneol  esters  : — 


Boiling  Point 
at  10  mm. 

Optical  Rotation. 

Specific  Gravity. 

Refractive  Index 
at  15°. 

Formate  . 
Acetate 
Propioniate 
Butyrate  . 
Valerianate 

90° 

98° 
110° 
121° 
128°-130° 

+  31° 
-  38°  20' 
+  24° 
+  22° 
+  20° 

1-013 
0-991 
0-978 
0-966 
0-956 

1-47078 
1-46635 
1-46435 
1-46380 
1-46280 
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Bredt  considers  borneol  and  isoborneol  (q.v.)  as  stereo- 
isomers, the  OH  group  being  turned  away  from  the  ring  in 
borneol  and  less  capable  of  reaction  than  the  corresponding 
group  in  isoborneol,  which  is  turned  towards  the  centre  of 
the  ring.  On  this  hypothesis  he  calls  borneol  "  exoborneol " 
and  isoborneol  "  endoborneol  ". 

Isoborneol. — This  alcohol  is  isomeric  with  borneol,  which 
it  closely  resembles.  In  the  opinion  of  Jiinger,  the  two 
bodies  are  geometrical  isomerides  of  otherwise  identical 
chemical  structure,  which,  as  mentioned  above,  is  a  view 
shared  by  Bredt.  Isoborneol  is  obtained  together  with 
borneol,  when  camphor  is  reduced  with  sodium,  and  also 
by  hydrating  the  terpene,  camphene,  by  means  of  acetic 
and  sulphuric  acid  (Jour,  prakt.  Ghem.,  xlix.,  p.  1).  When 
isoborneol  is  heated  with  zinc  chloride  it  yields  camphene, 
whereas  borneol,  under  the  same  treatment,  remains  unaltered. 
The  compounds  of  isoborneol  are  analogous  in  every  respect 
to  those  of  borneol.  The  following  table,  compiled  from 
Heusler's  Die  Terpene,  gives  a  comparison  of  some  of  their 
properties : — 

Borneol.  Isoborneol. 
Melting  point  ....      203°  •  .       .  212°. 
Boiling  point  ....       212°     .       .  Undetermined. 
Specific  rotation  (approximate)      35°      .       .  4°. 
Phenylurethane     .       .       .       Melts  at  138°     Melts  at  138°. 
Chloral  compound  .       .       .       Melts  at  55°  Liquid. 
Acetic  ester     ....       Melts  at  29°  Liquid. 
Behaviour  with  zinc  chloride      Unaltered    .      Yields  camphene. 

Camphor,  Ci0H10O. — This  body  occurs  in  the  wood  of  the 
camphor  tree  (Laurus  camphora)  as  dextro-camphor.  This 
is  the  ordinary  camphor  of  commerce,  known  as  Japan 
camphor,  whilst  the  less  common  laevo-carnphor  is  found 
in  the  oil  of  Matricaria  parthenium.  Camphor  can  also 
be  obtained  by  the  oxidation  of  borneol  or  isoborneol  with 
nitric  acid.    Camphor  may  be  prepared  from  turpentine  in 
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numerous  ways,  and  there  are  many  patents  existing  for  its 
artificial  preparation.  Those  interested  in  several  of  these 
patents  state  that  they  have  every  reason  to  believe  that 
artificial' camphor  is  on  the  eve  of  being  a  commercial  success. 
Amongst  the  methods  may  be  enumerated  the  following : — 

(1)  Esters  of  borneol  are  obtained  by  the  action  of  dry 
oxalic  acid  on  turpentine  under  suitable  conditions.  From 
these  borneol  is  obtained  by  saponification  and  is  oxidised  to 
camphor.  Some  other  acids  produce  a  similar  result,  as  for 
example  salicylic  and  chlorobenzoic  acids. 

(2)  Pinene  hydrochloride  is  prepared  in  the  usual  manner 
from  turpentine,  and  this  is  allowed  to  react  with  acetate  of 
silver.  Isobornyl  acetate  is  formed,  which  is  hydrolysed,  and 
the  isoborneol  oxidised  to  camphor.  Acetate  of  lead  is  also 
used,  as  is  also  acetate  of  zinc. 

(3)  The  action  of  magnesium  on  pinene  hydrochloride 
gives  rise  to  bornyl  esters,  and  camphor  can  be  obtained  from 
these  in  the  usual  manner. 

(4)  Pinene  hydrochloride  is  treated  by  one  of  the  reagents 
which  abstract  HC1,  and  so  converted  into  camphene  (q.v.). 
This  is  heated  with  acetic  and  sulphuric  acids  and  so  converted 
into  isobornyl  acetate.    Camphor  results  in  the  usual  manner. 

It  forms  a  colourless,  translucent  mass,  which  crystallises 
well  from  alcohol ;  it  is  easily  sublimable  at  low  temperatures. 
It  melts  at  175°,  boils  at  204°,  and  has  a  specific  rotation  of 
±  44°.  Inactive  camphor,  formed  by  the  mixture  of  equal 
quantities  of  the  oppositely  active  isomers,  or  by  the  oxidation 
of  inactive  borneol,  melts  at  179°.  Camphor  is  the  ketone  of 
the  alcohol  borneol,  and  forms  a  number  of  well-character- 
ised crystalline  derivatives.  Amongst  these  are  the  semi- 
carbazone,  the  phenylhydrazide,  and  the  oxime,  all 
characteristic  of  bodies  containing  the  .  CO.  group.  The 
semicarbazone,  C10H1C :  N2H  .  CO  .  NE,,  melts  at  236°  to  238°. 
The  hydrazide,  C10H10 :  N2HC6H5,  results  from  the  action  of 
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phenylhydrazine.  The  oxime,  Cj0H16 .  NOH,  is  prepared  by 
the  action  of  hydroxylamine  on  camphor.  It  melts  at  118°, 
and  when  reduced  by  means  of  sodium,  yields  the  base 
bornylamine  C10H17NH2. 

When  distilled  with  phosphorus  pentoxide,  camphor 
yields  cymene,  and  with  iodine,  carvacrol.  Both  of  these 
bodies  are  jsara-derivatives  of  benzene.  On  oxidation  with 
nitric  acid,  camphor  yields  many  acids,  of  which  the  chief 
are  camphoric  acid  C10H16O4,  camphanic  acid  Ci0HuO4,  and 
camphoronic  acid  C9H1406.  The  constitution  of  these  acids 
has  an  important  bearing  on  that  of  camphor.  Many  formulas 
have  been  suggested  for  camphor  during  the  past  few  years, 
but  that  of  Bredt  is  now  universally  accepted,  and  has  re- 
ceived complete  confirmation  by  Komppa's  synthesis  of  cam- 
phoric acid.  This  synthesis  is  fully  described  in  the  Berichte, 
36,  4332,  and  confirms  the  formula  for  camphoric  acid  as 
CH2  —  CH  .  COOH 

C(CH3)2 
CH2  —  C(CH3)  (COOH) 
which  is  in  accordance  with  Bredt's  formula  for  camphor, 
,  CH2 

which  is  CsHj^    |      when  the  complex  C8H14  is  identical 
X  CO 

with  that  of  camphoric  acid. 

Fenchyl  Alcohol,  C10H17OH. — This  alcohol  is  isomeric 
with,  and  closely  analogous  to,  borneol.  It  was  originally 
prepared  by  Wallach  by  reducing  the  ketone  fenchone,  a 
natural  constituent  of  several  essential  oils,  by  means  of 
sodium.  Later  (Annalen,  1895,  p.  324)  he  obtained  it  in 
fairly  large  quantities  as  a  by-product  in  the  preparation  of 
fenchone-carboxylic  acid,  by  passing  a  current  of  C02  through 
an  ethereal  solution  of  fenchone  in  the  presence  of  sodium. 
Fenchyl  alcohol,  when  quite  pure,  melts  at  45°  (not  at  40°, 
as  frequently  stated).   It  boils  at  about  200°,  and  has  a  specific 
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gravity  of  -933  at  50°.  It  is  known  in  both  optically  active 
varieties,  that  prepared  from  dextro-fenchone  being  laevo- 
rotary,  whilst  laevo-fenchone  yields  dextro-fenchyl  alcohol. 
The  specific  rotation  is  ±  10-6°.  Inactive  fenchyl  alcohol 
melts  at  35°,  and  results  from  mixing  the  two  isomers. 
Dehydrating  agents,  such  as  potassium  bisulphate,  abstract 
water,  with  the  formation  of  the  terpene,  fenchene.  A 
liquid  chloride  is  obtained  by  the  action  of  phosphorus 
pentachloride,  which  boils  at  85°,  under  a  pressure  of  16 
mm.,  and  has  a  specific  gravity  -983. 

Schimmel  &  Co.  have  prepared  an  isomer  of  fenchyl 
alcohol,  which  they  termed  isofenchyl  alcohol,  by  treating 
fenchene  with  sulphuric  and  acetic  acids,  and  hydrolysing 
the  resulting  ester. 

Isofenchyl  alcohol  melts  at  62°,  and  boils  at  98°  at 
13  mm.  Its  specific  gravity  at  15°  is  0-9613,  and  its  refrac- 
tive index  1*48005  at  15°.  Its  optical  rotation  [a]d  is 
-  25-73°. 

Fenchone,  C10H16O.— This  ketone  occurs  as  dextro- 
fenchone  in  oil  of  fennel,  and  as  laevo-fenchone  in  oil  of 
thuja.  It  can  be  extracted  in  a  pure  state  from  either 
of  these  oils  by  treating  the  fraction  boiling  at  190°  to  195° 
with  nitric  acid,  and  steam  distilling  the  product.  When 
purified,  it  forms  an  oil  of  camphoraceous  odour,  boiling  at 
193°,  of  specific  gravity  -946  at  19°,  and  solidifying  at  low 
temperatures,  after  which  it  melts  at  +  5°  to  +  6°.  Its 
optical  rotation  is  ±  72°  and  refractive  index  1-4631  at  20°. 
It  can  also  be  prepared  by  oxidising  fenchyl  alcohol,  the 
optical  activity  being  opposite  in  sign  to  that  of  the  alcohol 
from  which  it  is  produced.  The  inactive  form  results  from 
mixing  equal  quantities  of  the  optically  active  varieties.  On 
reduction,  as  above  stated,  it  yields  fenchyl-alcohol,  C10H17OH. 
It  forms  an  oxime,  C10HlfiNOH,  melting,  when  quickly  heated, 
at  161°.    Numerous  other  derivatives  are  known,  which  are 
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in  many  cases  quite  analogous  to  the  corresponding  camphor 
compounds. 

The  constitution  of  fenchone  (and  correspondingly  of 
fenchyl  alcohol)  is  still  a  matter  of  uncertainty.  Up  till 
quite  recently  Wallach's  formula  has  been  accepted  as 
correct,  but  Semmler  has  thrown  considerable  doubt  upon  it. 
The  suggested  formulae  are  as  follows  : — 

H2C  —  CH  —  CO  H2C— CH— C(CH3)2 


C(CH3)2 


CH2 


H9C  —  CH  —  CH  —  CH3       H2C— C  —  CO 
Wallach  | 

CH3 
Semmler 

Thujyl  Alcohol,  C10H17OH— This  body  does  not,  ap- 
parently, occur  in  nature.  It  results  from  the  reduction  of 
its  ketone,  thujone,  by  means  of  sodium.  It  is  identical  with 
the  body  originally  described  by  Semmler  under  the  name 
tanacetyl  alcohol.  When  pure  it  is  a  liquid  boiling  at  92° 
under  a  pressure  of  13  mm.,  of  specific  gravity  *927.  Its 
refractive  index  is  1-4635  at  20°.  It  yields  a  chloride,  thujyl 
chloride  C10H17C1,  by  the  action  of  phosphorus  pentachloride, 
which  on  treatment  with  aniline  yields  up  HC1,  with  the 
formation  of  the  terpene  thujene. 

There  are  two,  if  not  three,  physically  isomeric  thujyl 
alcohols,  which  are  identical  in  chemical  structure.  These 
correspond  to  the  isomeric  thujones  described  below. 

Thujone,  C10H10O.— This  ketone,  isomeric  with  those 
above  described,  is  found  in  the  oils  of  thuja,  tansy,  wormwood 
and  sage.  It  is  identical  with  the  bodies  formerly  described 
under  the  names  tanacetone  and  salvone.  It  is  best  prepared 
in  a  state  of  purity  from  oil  of  wormwood.  According  to 
Semmler,  200  c.c.  of  the  oil,  200  c.c.  of  a  saturated  solution 
of  sodium  bisulphite,  75  c.c.  of  water,  and  300  c.c.  of  alcohol 
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are  well  shaken  at  intervals  during  a  fortnight.  The  crystals 
formed,  consisting  of  the  compound  of  thujone  with  the 
sodium  bisulphite,  are  separated,  washed  with  alcohol-ether 
and  pressed.  On  treatment  with  caustic  soda  solution,  the 
thujone,  amounting  to  over  40  per  cent,  of  the  oil  used, 
separates,  and  can  be  distilled  with  steam. 

The  hitherto  unanswered  question  whether  the  chemi- 
cally identical  thujones  isolated  from  various  essential  oils  are 
also  physically  identical,  or  whether  they  are  physically 
isomeric,  has  now  been  decided  by  Wallach  in  the  last-named 
sense.  He  has  succeeded  in  establishing  the  presence  of  two 
and  possibly  of  three  thujones,  although  with  regard  to  the 
third  the  more  probable  view  is,  that  it  represents  a  mixture 
of  the  other  two.  His  examination  has  moreover  proved  that 
thuja  oil  contains  essentially  a-thujone,  and  oil  of  tansy 
essentially  /3-thujone.  Wormwood  oil  is  very  rich  in  /3- 
thujone,  but  also  contains  some  of  the  a-compound.  Oils  of 
artemisia  and  sage  contain  mixtures  of  a-  and  /3-  thujones. 
The  formation  of  the  semicarbazones  and  their  fractional 
crystallisation  from  methyl  alcohol  afford  means  for  the 
separation  and  identification  of  the  isomers. 

a-thujone  is  laevo-rotatory,  and  yields  two  semicarbazones, 
one  dextro-rotatory,  melting  at  186°  to  188°,  and  one,  also 
dextro-rotatory,  of  the  indistinct  melting  point  110°.  Pure 
a-thujone  has  the  following  properties  :  boiling  point,  200° 
to  201°;  specific  gravity,  0-912;  nd22o  1-4503;  [a]„  - 10-23°. 
a-thujone  is  partially  converted  into  /3-thujone  when  heated 
with  alcoholic  potash  solution,  formic  acid,  or  alcoholic  sul- 
phuric acid.  The  last-named  then  effects  a  further  conver- 
sion into  isothujone  (q.v.). 

/3-thujone  is  dextro-rotatory,  but  is  not  the  optical  anti- 
pode  of  a-thujone.  The  semicarbazone  exists  in  a  labile 
dextro-rotatory  form  of  the  melting  point  174°  to  176°,  which 
readily  passes  over  into  the  second  form,  melting  at  170°  to 
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172°.  When  mixtures  of  the  semicarbazones  of  /3-thujone  or 
of  a-thujone,  or  of  both,  are  present,  they  give  rise  to  com- 
plications which  become  even  more  pronounced  owing  to  the 
fact  that  mixed  crystals  of  uniform  appearance  are  formed 
which  can  only  be  split  up  by  very  frequent  recrystallisation. 
The  ketone  liberated  from  the  semicarbazone  by  means  of 
phthalic  anhydride  has  the  specific  rotatory  power  [a]  +  76-16°. 
Its  oxime  melts  at  54°  to  55°,  and  is  dextro-rotatory.  /3-thujone 
can  also  be  converted  into  the  isomeric  a-thujone  by  boiling 
with  alcoholic  potash. 

The  various  compounds  of  this  ketone  are  closely  analogous 
to  those  of  the  isomers  already  described. 

Thujone  is  easily  converted  into  the  isomeric  ketones, 
isothujone  and  carvotanacetone.  The  former  results  by 
heating  thujone  with  40  per  cent,  sulphuric  acid,  whilst  the 
latter  is  formed  by  heating  thujone  in  a  closed  tube  to  280°. 
The  more  interesting  of  these  isomers  is  isothujone,  for  on 
reduction  with  sodium  and  alcohol,  an  alcohol  C10H19OH 
results,  which  is  isomeric  with  menthol,  and  which  is 
sufficiently  similar  to  this  body  in  its  properties  to  be  termed 
thujamenthol.  Thujamenthol  on  oxidation  yields  the  ketone 
thujamenthone,  which  is  isomeric  with  ordinary  menthone. 
Carvotanacetone  yields  corresponding  compounds  carvomen- 
thol  and  carvomenthone.  The  physical  properties  of  the 
isomers,  thujone,  isothujone  and  carvotanacetone  are  given 
by  Wallach  as  follows  : — 


Tiemann  gives  the  boiling  point  of  thujone  (tanacetone) 
as  203°  and  of  carvotanacetone  as  230°. 

Terpineol,  C10H17OH. — The  substance  usually  known  in 
commerce  under  this  name,  which  now  plays  an  important 
part  in  the  preparation  of  artificial  perfumes,  has  long  been 


Thujone  . 
Isothujone 
Carvotanacetone 


Boiling  Point.  Specific  Gravity.  Refractive  Index. 


200°-201°  -912  1-4503 

231°-232°  -9285  1-48217 


228°  -9373  1-48350 
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a  puzzle  to  chemists.  Wallach  prepared  it  by  acting  on 
terpin  hydrate  with  dilute  phosphoric  acid.  He  stated  that 
it  was  a  monatomic  alcohol,  boiling  at  215°  to  218°,  and 
described  it  as  a  liquid.  Bouchardat  and  Tardy  prepared  it 
by  the  action  of  very  dilute  sulphuric  acid  on  terpin  hydrate, 
and  found  that  it  solidified  on  cooling  and  then  melted  at 
30°  to  32°,  easily  remaining  in  a  state  of  superfusion.  A  closer 
examination  by  Wallach  and  Baeyer  showed  that  the  true 
melting  point  is  35°.  A  study  of  the  two  bodies,  the  "  liquid  " 
and  the  "  solid  "  terpineol,  and  of  their  oxidation  products, 
has  revealed  that  there  are  at  least  twelve  definite  isomeric  ter- 
pineols,  capable  of  being  synthesised.  The  liquid  terpineol 
of  commerce  consists  of  a  mixture  of  two  of  these,  those 
melting  at  35°  and  at  32°  to  33°,  with  either  some  trace  of 
impurity,  or  else  a  third  isomeric  liquid  form.  The  terpineols 
possess  an  odour  recalling  hyacinths,  hawthorn  and  lilac, 
and  are  largely  used  for  the  preparation  of  these  perfumes. 
They  are  optically  inactive,  but  Semmler  has  recently  pre- 
pared optically  active  terpineols,  by  replacing  the  chlorine  in 
the  two  limonene  monohydrochlorides  by  the  hydroxyl  group. 
The  resulting  terpineol  is  optically  active  in  the  same  direction 
as  the  limonene  from  which  it  is  produced.  Baeyer  has,  in 
addition,  synthesised  an  isomeric  terpineol,  melting  at  69°  to 
70°. 

Terpineol  melting  at  32°  to  33°,  designated  by  Wallach 
/3-terpineol,  has  a  specific  gravity  at  15°  =  0'923.  It  boils  at 
90°  at  10  mm.  pressure  and  210°  at  752  mm.,  and  has  a 
refractive  index  1-4747  at  20°.  Its  phenylurethane  melts  at 
85°.   Its  nitrosochloride  melts  at  102°  to  103°. 

Terpineol  melting  at  35°  to  36°  has  a  specific  gravity 
0-939  at  15°.  It  boils  at  98°  at  10  mm.,  and  at  219°  at  752 
mm.  Its  refractive  index  is  1-48132.  Its  phenylurethane 
melts  at  112°  to  113°. 

Terpineol  melting  at  69°  to  70°  was  prepared  by  Baeyer 
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by  reducing  tribromoterpane  with  zinc  and  acetic  acid. 
This  results  in  an  acetate  of  the  alcohol,  which  yields  the 
terpineol  on  hydrolysis.  This  melts  at  69°  to  70°  and  boils  at 
110°  to  120°  at  17  mm. 

The  relation  between  these  three  isomers  is  probably  as 
follows : — 

Melting-Point  32°-33°. 
CH3  CH2  CH3  CH3 
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C  COH 
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Melting-Point  69°-70°. 
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In  addition  to  the  artificially  prepared,  optically  active 
terpineols  (e.g.,  by  treating  French  turpentine  with  alcoholic 
sulphuric  acid,  etc.),  such  active  terpineols  are  found  in  a  few 
essential  oils.  Ceylon  cardamom  oil  contains  dextro-terpineol, 
[a]d  =  +  83° ;  oil  of  lovage  also  contains  dextro-terpineol. 

Terpineol  occurs  in  the  free  state  in  the  oil  of  Erigeron 
canadense,  and  as  the  acetate  in  cajuput  and  cardamom  oils. 
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Pulegol,  C10H17OH,  is  the  alcohol  corresponding  to  the 
ketone,  pulegone,  from  which  it  can  be  obtained  by  reduction 
with  sodium.  It  is  a  viscous  liquid,  having  the  odour  of 
terpineol,  boiling  at  215°,  of  specific  gravity  -912,  but  has  not 
been  obtained  free  from  menthol,  so  that  its  properties  are 
rather  uncertain.  Isopulegol,  however,  can  be  obtained 
by  treating  citronellal  with  acetic  anhydride,  when  isopulegyl 
acetate  results.  The  free  alcohol,  which  corresponds  to 
isopulegone,  has  a  specific  gravity  0'9154  at  17°  and  refractive 
index  T4729.  It  is  optically  active,  -  2"65°,  and  boils  at  91° 
at  13  mm.  pressure.  The  ketones  themselves  are,  however, 
of  chief  interest. 

Pulegone,  C10H16O,  occurs  in  the  oils  of  Mentha  pulegium 
and  Hedeoma  pulegoides.  It  is  a  liquid  ketone,  combining 
with  sodium  bisulphite  to  form  a  crystalline  compound,  which, 
when  decomposed,  yields  the  ketone  in  a  pure  state.  It  then 
boils  at  221°,  and  has  a  specific  gravity  "936,  refractive  index 
1*4702  and  optical  rotation  +  23°.  It  yields  numerous 
characteristic  derivatives,  of  which  the  oxime  Cl0H16NOH 
melts  at  118°,  and  the  semi-carbazone  at  172°.  When  hydro- 
lysed  by  means  of  formic  acid  pulegone  yields  acetone  and 
methyl-cyclohexenone  C7H120.  When  this  body  is  again 
condensed  with  acetone,  it  yields  a  body  isomeric  with,  and 
very  similar  to,  natural  pulegone.  This  body  may  be  termed 
pseudo-pulegone.  A  second  isomer,  isopulegone,  was  obtained 
by  Tiemann  and  Schmidt,  by  oxidising  isopulegol,  a  body 
which  they  obtained  in  the  form  of  its  acetate  by  heating 
citronellal  (q.v.)  with  acetic  anhydride.  This  isopulegone  is 
probably  a  mixture  of  two  stereoisomers  which  have  not  been 
separated.  Isopulegone  boils  at  85°,  under  a  pressure  of  13 
mm.,  has  a  specific  gravity  0"921  at  18°,  refractive  index 
1-4690  and  optical  rotation  +  10°  15'.  The  pulegone  and 
the  isopulegone  series  of  compounds  are  very  similar  in  their 
physical  and  chemical  properties,  but  they  differ  sharply  in 
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the  fact  that  natural  pulegol  and  pulegone  yield  some  men- 
thol when  reduced  with  sodium,  whilst  isopulegol  and  iso- 
pulegone  resist  the  action  of  the  metal.  The  properties  of 
the  isomers  are  compared  in  the  following  table  : — 

Boiling  Point.  J^.  Rotation. 

Isopulegol  .       .       91°  at  12  mm.  -916  at  18°  -  2-7°  1-4729 

Pulegone  .       .            J*  JJJSEi.  }*»  +22-9°  1-4702 

Isopulegone      .       85°  to  90°  at  13  mm.  -921  at  18°  +  10-25°  1-4690 

Pseudo-pulegone  { 2150  at  760°^.  }-918at20°  dextro  1-4673 

Sabinol,  C10H15O. — Schimmel  &  Co.  have  shown  that  the 
principal  constituent  of  savin  oil  is  an  alcohol  of  the  formula 
Ci0Hi5O4)  which  they  have  termed  sabinol.  It  is  a  colourless 
oil,  with  an  odour  somewhat  resembling  thujone.  Its  specific 
gravity  is  0*9432  at  20°,  refractive  index  1*4880,  and  boiling 
point  208°  to  209°.  It  is  probably  a  secondary  alcohol,  which 
is  reduced  to  thujyl  alcohol  by  treatment  with  sodium  and 
amyl  alcohol. 

Menthol,  C10H19OH. — This  important  compound  is  a 
crystalline  alcohol,  which  occurs  to  a  very  large  extent  in 
oil  of  peppermint,  from  which  it  may  be  separated  by  freez- 
ing. It  can  also  be  prepared  experimentally,  from  its  ketone, 
menthone,  and,  with  other  bodies,  from  pulegone,  by  reduc- 
tion. Menthol  forms  fine  white  crystals,  melting  at  43°, 
boiling  at  212°,  and  having  a  specific  gravity  "890  at  15°. 
When  obtained  from  oil  of  peppermint  it  is  laevo-rotary, 
about  -  59°.  Careful  oxidation  converts  it  into  menthone,  the 
corresponding  ketone.  Menthol  has  all  the  ordinary  proper- 
ties of  an  alcohol,  and  forms  well-defined  esters  with  the 
organic  acids.  Of  these  menthyl  acetate,  C10H19O  .  CO  .  CH3, 
is  of  the  most  frequent  occurrence  in  nature.  It  is  a  liquid  of 
penetrating  odour,  boiling  at  224°.  The  relations  of  menthol 
to  menthone  are  the  same  as  those  of  borneol  to  camphor,  and 
there  is  a  close  similarity  between  many  of  their  derivatives. 
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When  menthone  is  reduced  a  mixture  of  dextro-  and  laevo- 
rotary  menthols  results,  as  well  as  an  isomenthol,  melting  at 
78°  to  81°  and  of  optical  rotation  +  2°.  Numerous  other 
isomers  have  been  prepared  by  the  reduction  of  ketones,  etc., 
to  which  the  names  pulegonementhol,  thymomenthol,  etc., 
have  been  ascribed.  These,  however,  rarely,  if  ever,  occur  in 
essential  oils. 

Menthone,  C10H18O,  occurs  with  menthol  in  oil  of  pepper- 
mint. According  to  the  early  work  of  Moriya,  this  body  was 
described  as  optically  inactive,  but  this  has  been  shown  to  be 
incorrect.  Atkinson  describes  it  as  an  oily  liquid,  boiling  at 
206°,  with  a  rotary  power  of  +  21°.  Beckman  gives  208°  as  its 
boiling  point,  and  26°  to  28°  as  its  optical  activity.  Its 
specific  gravity  is  "894.  Oxidation  of  natural  menthol  pro- 
duces laevo-menthone,  but  this  is  easily  converted  into  dextro- 
menthone  by  the  action  of  acids.  This,  on  reduction,  yields 
dextro-menthol.  The  various  derivatives  of  the  optically 
active  isomers  correspond  closely,  but  complicated  stereo- 
chemical relationships  exist,  which  render  the  chemistry 
of  their  derivatives  a  very  difficult  question.  The  oximes 
of  the  two  isomers  do  not  correspond  in  their  properties,  that 
of  dextro-menthone  being  a  laevo-rotary  oil,  whilst  that  of 
laevo-menthone  is  a  solid,  melting  at  59°.  The  semicar- 
bazone  melts  at  184°  in  both  cases.  There  are  numerous 
bodies  isomeric  with,  and  closely  similar  to,  those  of  the 
menthone  series.  Those  of  the  thujamenthol  and  carvo- 
menthol  series  have  already  been  mentioned.  Menthone, 
in  all  probability,  has  the  constitution— 

CH(CH3) 

/  \ 
CH2  CH2 

I  I 
CH2  CO 

\/ 
CH  .  CH(CH3)2 

menthol  being,  of  course,  the  corresponding  alcohol. 
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Four  isomeric  menthones  may  exist,  with  eight  corres- 
ponding isomeric  menthols  {vide  supra).  But  whichever 
menthone  is  converted  into  menthol,  natural  laevo-menthol 
is  the  predominating  resulting  compound.  Menthone  has 
been  synthesised  by  Kotz  and  Hesse  from  methyl-hexanone 
and  ethyl  oxalate. 

GineoL,  C10H18O. — This  body,  which  is  somewhat  isolated 
in  its  chemical  relationships,  may  well  be  discussed  here.  It 
has  been  described  under  several  names,  the  best  known  being 
that  now  usually  adopted,  viz.,  cineol ;  also  cajuputol  (from 
its  occurrence  in  oil  of  cajuput)  and  eucalyptol  (from  its 
occurrence  in  oil  of  eucalyptus).  It  is  found  in  nature  in 
very  large  quantities  in  the  above-mentioned  oils,  as  well 
as  in  many  others,  notably  wormseed,  lavender  (English) 
and  spike-lavender  oils.  It  results  also  by  the  treatment  of 
terpin  hydrate  with  acids.  Wallach  and  Brass,  who  first 
characterised  it  as  a  definite  compound,  gave  the  following 
method  for  its  preparation.  A  current  of  dry  hydrochloric 
acid  gas  is  passed  into  rectified  wormseed  oil.  The  resulting 
crystalline  magma  of  cineol  hydrochloride  is  pressed  at  low 
temperature  to  remove  as  much  as  possible  of  adhering  liquid, 
and  the  crystals  are  treated  with  water  and  steam  distilled. 
The  crude  cineol  is  again  subjected  to  this  treatment 
when  the  pure  body  is  obtained.  When  pure,  cineol  is  an 
optically  inactive  liquid,  solidifying  at  low  temperatures 
and  melting  at  -  1°,  with  a  characteristic  camphoraceous 
odour.  It  boils  at  176°,  and  has  a  specific  gravity  "930.  Its 
refractive  index  is  1*4596.  Scammell  proposed  its  separation 
by  means  of  a  definite  crystalline  compound  with  phosphoric 
acid.  This  body  has  the  composition  Ci0HlsO  .  H3P04.  The 
use  of  phosphoric  acid  is  the  basis  of  the  1898  British 
Pharmacopceial  test  for  cineol  in  essential  oils. 

Cineol  forms  a  number  of  crystalline  derivatives,  amongst 
which  may  be  mentioned  the  hydrobromide,  C]0H18O.  HBr  .  , 
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melting  at  56°,  and  the  compound  with  iodol,  C10H18O .  C4I4NH, 
which  forms  yellowish-green  crystals,  melting  at  112°.  It  also 
forms  a  crystalline  compound  with  resorcinol,  which  will  be 
referred  to  under  Eucalyptus  oil.  These  are  both  useful  for 
identifying  cineol.  According  to  all  reliable  observations,  the 
oxygen  atom  in  cineol  does  not  possess  alcoholic,  ketonic, 
aldehydic  or  acid  functions.  Apparently  it  is  quite  indifferent, 
which  accounts  for  the  isolated  nature,  chemically  speaking, 
of  the  compound.  Its  relationships  are  certainly  chiefly  with 
the  terpenes.  In  commerce,  this  body  finds  considerable  em- 
ployment under  its  other  name,  eucalyptol. 

Diosjjhenol. — This  body  is  conveniently  mentioned  here, 
although  it  is  a  phenolic  ketone  of  the  formula  C10H18O2  or 
C10H16O2.  It  is  a  constituent  of  certain  Buchu  leaf  oils 
and  is  a  crystalline  compound  melting  at  82°  and  boiling  at 
232°.   Its  formula  is  extraordinary,  being  : — 

CH  .  CH< 


h2c  r  x|  co  ^CH* 

H2C  'x/'  CO 
CHCH3 

It  forms  an  oxime  melting  at  156°  and  a  .phenylhydrazone 
which  can  only  be  solidified  at  low  temperatures.  It  has 
recently  been  synthesised  by  Semmler  and  Mackenzie 
(Berichte,  1906, 1158). 

III.  THE  GERANIOL  AND  CITRONELLOL  GROUP. 
This  group  of  bodies  has  attracted  a  great  deal  of  attention 
from  a  number  of  well-known  chemists  during  the  past  ten 
or  twelve  years,  and  although  we  now  understand  something 
of  the  chemical  relationships  of  the  various  members  of  the 
group,  much  is  still  a  matter  of  some  uncertainty.  The  more 
important  compounds  in  this  category  are  of  the  same 
empirical  composition  as  the  members  of  the  camphor  group, 
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but  are  entirely  different  from  them  in  their  actual  constitu- 
tion. They  belong,  indeed,  to  the  aliphatic  or  open  chain 
series  of  compounds. 

It  will  be  convenient  to  study  this  group  under  the  two 
headings — geraniol  and  citronellol,  these  being  the  most 
important  of  its  members.  From  time  to  time,  various 
observers  have  announced  the  discovery  and  separation  of 
aromatic  alcohols  (i.e.,  sweet  smelling,  not  belonging  to 
the  aromatic  series)  in  certain  essential  oils,  notably  those, 
of  rose,  geranium,  neroli,  citronella,  linaloe,  bergamot, 
lavender,  limes,  basil,  petit-grain,  coriander,  and  cananga,  of 
the  formula  C10H18O.  In  general  the  properties  of  these 
alcohols  were  very  similar,  although  not,  in  many  cases, 
identical.  Nerol  is  a  well-defined  and  recently  discovered 
isomer.  Exhaustive  and  very  thorough  investigations,  chiefly 
by  Tiemann  and  Semmler,  have  gone  far  to  prove  that  they 
are  in  nearly  every  case  more  or  less  impure  forms  of  two 
chemical  individuals.  These  are  geraniol  and  linalol  which 
we  shall  discuss  immediately. 

A  short  summary  of  some  of  the  other  alcohols  whose 
claims  to  chemical  individuality  are  now  practically  abandoned 
will,  however,  be  useful.  Aurantiol  was  announced  by 
Semmler  and  Tiemann  to  exist  as  an  acetate  in  oil  of  petit- 
grain.  Its  specific  gravity  was  given  by  them  as  "869  at  20° ; 
it  combines  with  four  atoms  of  bromine ;  is  laevo-rotary  ; 
refractive  index  1-4682.  Later  on  the  same  chemists  agreed 
that  this  body  was  slightly  impure  linalol. 

Coriandrol,  announced  by  Barbier,  was  found  in  oil  of 
coriander.  Its  properties  were  given  as  follows:  boiling 
point,  196°  to  198°;  specific  gravity  at  0°,  '882;  refractive 
index,  1-4640 ;  rotary  power,  +  15°  1'.  Barbier  considered 
that  this  was  dextro-rotary  licareol.  The  latter  was  found 
in  the  oil  of  licari  kanali,  and  its  properties  were  almost 
exactly  identical  with  those  of  coriandrol,  except  that  its 
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optical  activity  was  of  the  opposite  sign.  By  the  action  of 
acetic  anhydride,  an  acetate  is  formed,  which  Barbier  claimed 
yielded  a  fresh  alcohol,  licarhodol,  on  saponification.  This, 
he  urged,  was  a  stable  isomeride  of  licareol.  Bertram, 
however,  in  1894,  stated  that  licarhodol  was  merely  geraniol,' 
but  Stephan  has  recently  (Jour,  prakt.  Ghent.,  1898,  p.  Ill) 
shown  that  it  also  contains  active  terpineol.  Bourchardat 
also  claimed  that  licareol  was  identical  with  linalol. 

Nerolol,  obtained  from  oil  of  neroli,  was  speedily  re- 
cognised by  Tiemann  as  identical  with  linalol,  but  nerol  has 
been  established  as  a  definite  compound  (g.v.). 

Bhodinol  was  announced  by  Eckart  to  be  an  .essential 
ingredient  of  Turkish  and  German  rose  oils.  He  regarded 
it  as  an  unsaturated  open  chain  alcohol.  Markovnikoff 
thereupon  urged  that  roseol,  C10H20O,  was  the  chief  ingredient 
of  rose  oil,  and  much  controversy  has  gone  on  between 
a  number  of  continental  chemists,  as  to  the  real  identity 
of  the  body.  Bertram,  in  1894,  claimed  that  it  was  in  real- 
ity merely  geraniol,  but  in  1896  Tiemann  and  Schmidt 
showed  that  the  alcohols  of  rose  oil  consisted  of  a  mixture 
of  geraniol  and  citronellol,  C10H2oO,  which  latter  body  had 
evidently  been  mistaken  for  the  so-called  "rhodinol"  and 
"  roseol  ". 

The  names  geraniol  and  citronellol  therefore  appear  to  be 
those  most  entitled  to  remain  in  chemical  literature.  Poleck 
however,  complains  that  the  name  geraniol  has  been  sub- 
stituted for  the  earlier  rhodinol,  overlooking  the  fact  that 
the  old  rhodinol  is  clearly  a  mixture.  Erdmann  further 
complicates  this  matter  by  insisting  on  treating  geraniol 
of  cm  amerce  as  a  more  or  less  impure  body  of  which  the 
principal  constituent,  C10H17OH,  is  called  rhodinol,  claiming 
that  geraniol  (pure)  and  rhodinol  are  identical,  and  that  the 
former  should  be  expunged  from  chemical  literature  But 
the  mass  of  evidence  is  in  favour  of  the  retention  of  the 
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name  geraniol,  and  it  is  to  be  hoped  that  the  polemics  now 
obtaining  in  regard  to  this  question  have  now  ceased. 

The  last  of  these  doubtful  bodies  to  be  mentioned  is 
reuniol,  found  in  various  geranium  oils  (Eeunion,  African 
and  Spanish)  by  A.  Hesse.  This  had  previously  been 
announced  as  a  probable  chemical  individual  by  Barbier, 
but  he  stated  that  he  had  not  obtained  it  pure.  Erdmann 
and  Huth  claim  that  it  is  more  or  less  pure  rhodinol,  that 
is,  geraniol. 

Geraniol,  C10H18O,  is  thus  the  most  important  alcoholic 
constituent  of  this  group  of  essential  oils.  It  is  a  colourless 
oily  liquid,  of  pleasant  rose-geranium  odour,  but  lacking  the 
fine  character  of  the  oils  in  which  it  occurs.  It  possesses  the 
following  properties.  It  boils  at  229°  to  230°  under  ordinary 
pressure,  and  at  120°  under  a  pressure  of  16  mm.  Its  specific 
gravity  is  about  '881,  and  its  refractive  index  about  1-4780. 
It  is  optically  inactive.  By  means  of  its  refractive  index 
(Briihl's  theory),  and  its  ready  combination  with  four  atoms 
of  bromine,  it  is  shown  to  contain  two  ethylene  unions, 
hence  it  cannot  be  a  closed  chain  compound.  By  careful 
oxidation  with  chromic  acid  it  yields  its  aldehyde,  citral  (q.v.), 
and  by  heating  in  an  autoclave  with  water  to  200°  it  is  partly 
converted  into  its  isomer,  inactive  linalol.  It  yields  an  acetate 
when  acted  upon  by  acetic  anhydride,  which  also  occurs  in 
nature.  This  is  a  fragrant  oil,  of  specific  gravity  '9174,  and 
refractive  index  1'4628,  boiling  at  128°  to  129°  under  a 
pressure  of  16  mm.  It  occurs  naturally  in  several  essential 
oils. 

To  purify  geraniol  and  separate  it  in  a  state  of  absolute 
purity,  Tiemann  and  Kruger  recommend  dissolving  sodium 
in  the  alcohol,  treating  the  sodium  alcoholate  with  ether  and 
phthalic  anhydride ;  the  resulting  geraniol  sodium  phthalate 
is  hydrolysed  by  alcoholic  potash,  and  the  pure  geraniol 
precipitated  by  the  addition  of  water. 
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To  detect  geraniol  in  essential  oils,  Jacobsen  recommends 
the  following  process,  provided  that  the  amount  present 
exceeds  25  per  cent.  The  dry  oil  is  intimately  mixed  with 
an  equal  weight  of  dry  powdered  calcium  chloride,  and  the 
mixture  kept  in  a  desiccator  at  -  4°  for  twelve  to  sixteen 
hours.  The  soft  mass  is  rubbed  up  with  dry  benzene,  ether, 
or  petroleum  ether,  and  the  liquid  portion  removed  by  a 
suction  filter.  The  calcium  chloride  compound  of  geraniol 
is  then  treated  with  water,  and  the  oil  separated,  washed  and 
distilled,  when  geraniol  passes  over  at  228°  to  230°.  Another 
useful  method  for  its  identification,  which  was  discovered 
by  Erdmann,  consists  in  heating  the  alcohol  with  diphenyl- 
carbamine  chloride  and  pyridine  in  a  water  bath.  Unaltered 
products  and  diphenylamine  are  removed  by  steam  distillation, 
and  the  residue  crystallised  from  alcohol.  The  pure  geraniol 
diphenylurethane  resulting,  crystallises  in  colourless  needles, 
melting  at  83°.  An  ethereal  pseudo-salt,  which  forms  crystals 
melting  at  49°,  has  recently  been  described  by  Erdmann. 
It  is  obtained  by  heating  the  alcohol  with  opianic  acid,  when 
the  two  bodies  combine  to  form  the  crystalline  compound. 
According  to  Tiemann  and  Semmler,  who  have  worked 
for  many  years  on  geraniol,  its  constitution  is — 

(CH3)2C  :  CH  .  CH2 .  CH2 .  C(CH3) :  CH  .  CH2OH. 

Linalol,  C10H18O,  is  isomeric  with  geraniol,  but,  as  it  is 
known  in  both  the  optically  active  forms,  as  well  as  in  the 
inactive,  it  is  certainly  not  a  stereoisomer  of  this  body.  It 
was  first  discovered  in  oil  of  linaloe,  of  which  oil  it  is  the 
most  important  constituent.  It  is  a  pleasant-smelling  liquid, 
and  occurs  both  free  and  combined  as  the  acetate,  in  various 
oils,  notably  those  of  linaloe,  lavender  and  bergamot.  It 
is  an  oily  liquid,  boiling  at  normal  pressure  at  about  198°, 
and  at  86°  to  87°  at  14  mm.  Its  specific  gravity  is  -872  at 
15-5°,  and  refractive  index  T4630.  These  figures  are  from  a 
specimen  obtained  from  licari  oil.    A  sample  from  linaloe 
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oil  gave  a  higher  specific  gravity,  viz.,  -8765  at  17"5°.  The 
optical  activity  is  not  known  with  certainty.  Probably  it  is 
about  ±  20°.  On  oxidation  it  yields,  amongst  other  products, 
geranaldehyde.  Bouchardat  states  that  if  linalol  is  treated 
with  acetic  anhydride  at  low  temperatures,  an  acetate  is 
formed,  which  regenerates  linalol  on  hydrolysis,  but  that 
at  elevated  temperatures  a  new  alcohol  is  formed.  This, 
however,  has  since  been  shown  to  be  a  mixture  of  geraniol 
and  terpineol.  Linalyl  acetate,  C10H17O  .  COCH3,  is  the 
important  constituent  of  bergamot  oil,  and  occurs  in  many 
other  oils  also.  It  is  an  odoriferous  liquid  of  specific 
gravity  "912,  boiling  at  105°  to  108°  at  11  mm.  It  can  be 
prepared  by  the  action  of  acetate  anhydride  on  linalol. 
Its  close  connection  with  geraniol,  together  with  a  study 
of  its  derivatives,  cause  Tiemann  and  Semmler  to  assign 
to  linalol  the  formula  : — 

CH3  .  C(CH3) :  CH  .  CH2  .  CH2  .  C(CH3)(OH)  .  CH :  CH2. 

Nerol,  C10H17OH. — This  alcohol  was  discovered  by  Hesse 
and  Zeitschel  in  neroli  and  petit-grain  oils  by  freeing  the  oil 
as  far  as  possible  from  geraniol  and  then  preparing  diphenyl- 
urethanes  of  the  residuary  mixed  alcohols.  By  fractional 
crystallisation  the  nerol  compound  can  be  obtained  in  a 
state  of  purity,  and  the  alcohol  is  obtained  by  saponification 
in  the  usual  manner.  Nerol  has  a  specific  gravity  0*8813, 
is  optically  inactive,  and  boils  at  224°  to  225°  at  755  mm.  and 
at  125°  at  25  mm.  The  diphenylurethane  melts  at  52°  to  53 
(that  of  geraniol  melts  at  81°)  and  the  tetrabromide  at  118° 
to  119°.  Nerol  is  almost  certainly  a  stereoisomer  of  geraniol, 
related  to  it  as  shown  by  the  appended  formulae,  and  their 
corresponding  aldehydes  are  probably  the  a-citral  (=  geranial) 
and  /3-citral  ( =  neral) : — 
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geraniol. 

CH3 .  C  .  CH2 .  CH.2 .  CH  :  C(CH3)2 

ll 

CH2  (OH)C  .  H 

a-citral 

CH3 .  C  .  CH2 .  CH2 .  CH  :  C(GH3)2 
II 

CHO  .  C  .  H 

nerol 

CH3 .  C  .  CH2 .  CH2 .  CH  :  C(CH3)2 
II 

HC  :  CH2OH 

/3-citral 

CH3 .  C  .  CH2 .  CH2 .  CH  :  C(CH3)2 

II 

HC  .  CHO 

Geranaldehyde,  C10H16O.  —  This  body,  which  has  been 
long  known  as  the  aldehyde  of  geraniol,  and  is  known 
generally  by  the  name  citral,  occurs  to  a  considerable  extent 
in  many  oils  of  the  Citrus  family.  It  is  highly  odoriferous, 
and  is,  to  a  great  extent,  responsible  for  the  perfume  of 
several  oils.  Lemon  oil,  the  oil  of  Backhousia  citriodora  and 
lemon-grass  oil  all  contain  citral,  the  two  last  named  in 
considerable  proportion.  It  can  also  be  obtained  by  the  oxida- 
tion of  the  alcohols  geraniol,  and  nerol  or  linalol,  by  means 
of  chromic  acid.  To  prepare  it  from  this  source,  10  grammes 
of  potassium  bichromate  are  dissolved  in  a  mixture  of  125 
grammes  of  sulphuric  acid  and  100  grammes  of  water ;  15 
grammes  of  geraniol  are  then  added.  The  mixture  should 
be  kept  well  cooled  at  first,  and  allowed  to  become  warm 
afterwards,  and  well  shaken  for  half  an  hour.  It  is  then 
rendered  slightly  alkaline,  and  distilled  in  a  current  of  steam. 
To  separate  the  aldehyde  from  other  products,  the  distillate 
is  mixed  with  a  saturated  solution  of  sodium  bisulphite,  and 
allowed  to  stand  for  twenty-four  hours,  with  occasional  shak- 
ing. It  forms  a  crystalline  compound  with  the  bisulphite, 
which  is  separated,  pressed  between  blotting  paper,  washed 
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with  ether,  and  mixed  with  sodium'  carbonate,  and  steam  dis- 
tilled. Citral  can  also  be  obtained  from  essential  oils,  such  as 
lemon-grass  oil,  by  means  of '  the  bisulphite  process,  but  care 
should  be  taken  that  the  temperature  be  kept  low,  as  otherwise 
a  considerable  loss  occurs,  due  to  the  conversion  of  part  of 
the  citral  into  sulphonic  acid  compounds.  Pure  citral  boils 
at  about  228°  to  230°  under  ordinary  pressure,  and  at  110° 
under  a  pressure  of  12  mm.  It  is  an  oily  liquid  of  specific 
gravity  "8972,  and  refractive  index  1*4931,  but  optically 
inactive.  It  combines  with  4  atoms  of  bromine,  and,  under 
the  influence  of  dehydrating  agents,  such  as  potassium 
hydrogen  sulphate,  yields  cymene,  C10H14.  Under  the  influ- 
ence of  alkalies,  citral  condenses  with  acetone,  with  the 
splitting  off  of  water  to  form  pseudo-ionone,  C13H20O,  which 
is  converted  into  isomeric  ionones  by  means  of  acids.  These 
bodies  are  the  characteristic  artificial  violet  perfume,  which 
will  be  mentioned  later.  Seduction  with  sodium  and 
alcohol  produces  the  alcohol,  geraniol.  Various  derivatives 
of  citral  have  been  prepared,  such  as  the  oxime,  anilide 
and  phenylhydrazone,  which  are  oily  liquids,  and  the 
semicarbazone,  which  appears  to  exist  in  several  isomeric 
forms  of  different  melting  points.  Most  characteristic, 
however,  is  the  citryl-/3-naphtocinchonic  acid,  discovered 
by  Doebner.  This  can  be  prepared  by  warming  together  in 
alcoholic  solution  20  parts  of  citral,  20  parts  of  /3-naphthyla- 
mine  and  12  parts  of  pyruvic  acid.  This  acid,  CosHojNOo,, 
melts  sharply  at  197°,  and  is  the  most  useful  compound 
for  characterising  citral.  Indeed,  Doebner  has  applied  its 
preparation  to  the  quantitative  estimation  of  citral  in  oils 
containing  it.  The  determination  of  this  body  in  essential 
oils  is  by  no  means  an  easy  matter,  and  will  be  mentioned 
later.  A  study  of  citral  and  its  derivatives  has  caused  the 
most  recent  investigators  to  assign  the  formulae  given  on 
page  55  to  the  stereoisomer^  varieties  of  citral. 
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Several  years  ago  Tiernann  carried  out  a  great  deal  of  work 
on  the  chemistry  of  citral  (Beriehte,  xxxi.,  pp.  3278,  3324 ; 
xxxii.,  p.  107),  in  connection  with  which  the  following  points, 
are  especially  noteworthy.  He  has  shown  that  in  addition 
to  the  normal  bisulphite  of  sodium  compound  of  citral,  three 
hydrosulphonic  acid  derivatives  are  formed,  according  to  the 
conditions  under  which  the  experiment  is  performed  (acidity, 
alkalinity,  temperature,  etc.).  He  attempted  to  explain  the 
existence  of  two  well-defined  isomeric  semicarbazones  (melt- 
ing at  164°  and  171°)  by  suggesting  that  two  stereoisorneri  c 
forms  of  citral  are  present  in  lemon-grass  oil.  To  support 
this,  he  mixes  the  normal  bisulphite  compound  with  water 
and  adds  sodium  carbonate.  The  liquid  is  then  shaken  with 
ether,  and  about  half  the  citral  is  set  free  and  dissolves  in  the 
ether  (fraction  a) ;  the  remainder  is  set  free  by  the  addition 
of  caustic  alkali  and  extracted  with  ether  (fraction  b).  Whilst 
both  fractions  have  exactly  the  same  physical  properties,  it  is 
found  that  fraction  a  gives  only  one  semicarbazone,  melting 
at  164°,  whilst  fraction  b  gives  both,  melting  at  164°  and  171° 
respectively.  The  same  was  found  to  be  the  case  with  the 
cyanacetic  compound,  fraction  a  yielding  only  one  citralidene 
cyanacetic  acid  melting  at  122°,  whilst  fraction  b  gave  this, 
and  also  one  melting  at  80°.  This  view  has  been  confirmed 
by  the  discovery  of  the  alcohol  nerol,  as  mentioned  above  (see 
also  under  ionone). 

Professor  Tiernann  has  also  shown  that  by  condensation 
of  citral  with  cyanacetic  acid,  a  citralidene  cyanacetic  acid 

.ON 

C0H:5 .  CH  :  C< 

xCOOH 

is  formed  which  crystallises  in  fine  needles,  and  melts  at 
122°.  This  compound  is  very  well  adapted  for  the  detection 
of  citral  in  essential  oils.  The  behaviour  of  citral  towards 
semicarbazide  has  also  been  used  for  the  detection  of  the 
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-aldehyde,  without,  however,  giving  a  satisfactory  result, 
because  mixtures  of  seraicarbazones  with  different  melting 
points  (130°  to  170°)  are  formed. 

The  stereoisomer^  form  of  citral  as  prepared  by  Tiemann 
had  the  following  characters  : — 

Citral  a.     Citral  b. 
Specific  gravity   .       .      0-8898  0-888 
Boiling  point  (20  mm.)     118°-119°  118° 
Refractive  index  at  20°      1-4891  1-49001 

For  the  quantitative  determination  of  citral  in  lemon-grass 
-oil  the  use  of  indirect  methods  is  preferable.  The  aldehyde 
is  converted  into  the  normal,  slightly  soluble  sodium  bisulphite 
•compound,  by  agitating  the  oil  with  sodium  bisulphite  solution 
or  by  the  action  of  sodium  sulphite  and  sodium  bicarbonate, 
into  sodium  citraldihydro-disulphonate.  The  non-aldehydic 
compounds  are  separated  from  the  citral-derivatives  formed 
by  agitation  with  ether,  and  are  measured  in  a  suitable  tube 
•or  are  weighed  after  the  evaporation  of  the  solvent.  The 
difference  between  the  oil  used  for  the  determination  and 
the  non-aldehydes  represents  approximately  the  amount  of 
•citral. 

In  practice  concordant  results  are  obtained  in  the  case  of 
oils  with  high  citral  values,  by  agitating  the  oil  repeatedly 
with  a  30  per  cent,  hot  solution  of  sodium  bisulphite  in  a 
water  bath  for  an  hour  and  allowing  to  stand  in  suitable  flasks 
with  graduated  necks,  when  the  non-aldehydes  can  be  read 
•off.    Other  processes  will  be  referred  to  later. 

CitroneUol,  C10H2oO,  is  an  alcohol  closely  related  to 
geraniol.  It  was  first  obtained  by  Dodge,  by  reducing 
the  aldehyde  citronellal,  C10H18O,  by  means  of  sodium 
amalgam  and  acetic  acid.  Later  Tiemann  and  Schmidt 
showed  that  the  alcoholic  constituents  of  oil  of  roses  con- 
sisted of  geraniol  and  citronellol.  Spanish  geranium  oil  also 
-contains  citronellol,  in  both  the  dextro-  and  the  £aevo-rotary 
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iorms.  It  is  an  odoriferous  oil,  boiling  at  117°  to  118°  under 
;a  pressure  of  17  mm.,  has  a  specific  gravity  *8565  at  17 "5°, 
:and  a  refractive  index  T4566;  its  specific  rotary  power  is 
about  4°.  Citronellol,  obtained  by  reducing  the  aldehyde, 
is  dextro-rotary ;  that  from  oil  of  roses  is  laevo-rotary,  whilst 
in  most  geranium  oils  both  varieties  exist.  It  forms  an 
acetate,  an  oily  liquid  of  characteristic  odour,  of  specific 
.gravity  '8928  at  17-5°,  boiling  at  120°,  under  a  pressure  of 
15  mm.,  and  with  an  optical  activity  [a]d  =  2'4°  and  refractive 
index  1"4456. 

A  number  of  characteristic  derivatives  have  been  prepared 
:and  described  by  Semmler.    The  oxime,  Ci0H18NOH,  boils 
at  135°  to  136°  under  a  pressure  of  14  mm.,  and  has  a  specific 
.gravity  -9055  at  20°.    Citronellic  acid,  C10H18O2,  obtained  by 
the' action  of  silver  oxide  and  ammonia  on  the  aldehyde,  boils 
at  143°  under  a  pressure  of  10  mm.,  and  at  257°  at  760  mm. 
Its  specific  gravity  is  '9308  at   20°.    The  stereoisomers 
relationships  of  the  two  forms  of  critonellol  are  demon- 
strated by  the  fact  that  they  both  yield  /3-methyl-adipic 
.acid  when  oxidised  ;  this,  however,  is  dextro-  or  iaevo-rotary, 
.according  to  the  activity  of  the  citronellol  from  which  it  is 
.produced. 

Although  belonging  to  the  closed-chain  series  of  com- 
.pounds,  several  members  of  the  menthone  group  are  very 
closely  related  to  the  bodies  just  described.  Tiemann 
•obtained  a  closed-chain  alcohol,  isopulegol,  Cl0H18O,  by 
heating  citronellal  with  acetic  anhydride  in  an  autoclave. 
This,  on  oxidation  with  chromic  acid,  yields  isopulegone, 
C'i,,H10O,  the  corresponding  closed-chain  ketone,  isomeric 
-with  natural  pulegone  (the  characteristic  constituent  of  oil 
•of  pennyroyal),  which  is  probably  of  the  constitution— 

(CH3)HC(  >:C(CH3)., 
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By  acting  on  isopulegone  with  barium  hydroxide,  it-  is 
completely  converted  into  ordinary  pulegone. 

Wallach  has  succeeded  in  reversing  the  change,  and  has- 
prepared  from  menthone  (the  ketone  corresponding  to- 
menthol,  and  a  body  closely  allied  with  pulegone)  an  open- 
chain  compound  which  he  calls  mentho-citronellol.  Men- 
thone, C10H18O,  is  converted  into  its  oxime,  C10H1S.N.OH,  which 
when  heated  with  phosphoric  anhydride  yields  the  correspond- 
ing nitrile  C9H17 .  CN.  On  reduction  this  gives  menthonyl- 
amine C9H17 .  CH2 .  NH2,  and  this,  by  the  action  of  nitrous  acid,, 
gives  mentho-citronellol,  according  to  the  equation — ■ 
C9H17 .  CH2 .  NH2  +  NO  .  OH  =  C9H17 .  CH2OH  +  N2  +  H20- 

Menthonylamine.  ■  Mentho-citronellol. 

Wallach  assigns  to  this  body  the  same  constitution  as  that 
attributed  to  citronellol  by  Tiemann  and  Schmidt,  viz.r 
C(CH3)2 :  CH  .  CH2  .  CH2 .  CH  (CH3)  .  CH2  .  CH2  .  OH.  On 
oxidation  this  body  yields  mentho-citronellal  C9H17 .  COHr 
but  this  is  not  identical  with  ordinary  citronellal.  The- 
relations  between  the  ordinary  citronellol  series  and  these- 
new  bodies  require  further  explanation. 

The  frequent  occurrence  of  citronellal  and  citral,  and  of 
citronellol  and  geraniol,  together  in  essential  oils  makes  it. 
a  matter  of  some  importance  to  be  able  to  effect  a  separation 
of  the  bodies.  For  the  former  case  Doebner  gives  the' 
following  method.  The  oil  is  digested  with  pyruvic  acid 
and  /3-naphthylamine,  when  condensation  products  of  the' 
aldehydes  with  /3-naphtho-cinchoninic  acid  are  formed.  The- 
citral  compound  is  less  soluble  than  the  other  and  therefore: 
crystallises  out.  The  citronellal  compound  melts  at  215° 
(whilst  that  of  mentho-citronellal  melts  at  214°,  which  proves, 
that  they  are  not  identical). 

Flatau  and  Labbe  have  published  a  method  for  the^ 
separation  of  citral  from  citronellal  which  depends  upon 
the  fact  that  the  aqueous  solution  of  the  sodium,  bisulphite 


COMPOUNDS  OCCURRING  IN  ESSENTIAL  OILS.  61 

•compound  of  citral  gives  no  precipitate  with  barium  salts, 
while  the  insoluble  barium  compound  of  citronellal  is  quan- 
titatively precipitated.  The  separation  of  a  mixture  of  both 
aldehydes  is  effected  in  the  following  way.  Firstly,  the  normal 
sodium  bisulphite  compound  of  the  aldehydes  is  prepared 
•and  dissolved  in  water ;  this  is  precipitated  by  barium  chloride 
and  the  precipitate  of  the  citronellal  compound  is  collected 
upon  a  filter.  From  the  nitrate,  the  citral  is  isolated  by  the 
addition  of  alkali,  and  by  shaking  the  fluid  with  ether.  The 
barium  sulphite  compound  of  citronellal  is  agitated  with 
alcoholic  potash,  avoiding  heating,  and  is  separated  by  filtra- 
tion from  the  barium  and  potassium  sulphites  formed.  In 
order  to  remove  the  excess  of  alkali,  the  filtrate  is  saturated 
with  carbonic  acid  gas,  once  more  filtered,  and  the  citronellal, 
separated  from  the  solution  by  the  addition  of  water  and  taken 
up  by  ether.  By  means  of  this  method,  Labbe  claims  to  have 
obtained  besides  70  per  cent,  of  citral,  6  per  cent,  of  citronellal 
from  oil  of  lemon-grass.  In  the  same  way  citronella  oil  was 
found  to  contain  25  to  30  per  cent,  of  citronellal,  and  2  to  5 
per  cent,  of  citral.  These  results  are,  however,  of  doubtful 
value  as  this  method  is  not  very  reliable. 

To  separate  citronellol  and  geraniol  Tiemann  and  Schmidt 
heat  the  liquid  with  an  equal  weight  of  phthalic  anhydride  to 
200°  for  about  two  hours.  Geraniol  is  thus  converted  into  a 
hydrocarbon,  while  citronellol  is  converted  into  a  phthalic 
acid  compound,  which  is  shaken  out  with  dilute  potash 
and  washed  free  from  hydrocarbons  with  ether,  and  hydro- 
lysed.  The  citronellol  is  thus  set  free.  The  same  chemists 
have  succeeded  in  separating  citronellol  when  occurring  in 
very  small  proportion  in  geraniol,  by  a  method  depending  on 
the  conversion  of  the  citronellol  into  its  phosphate  and  then 
separating  this.  Briefly,  the  method  consists  in  acting  on 
the  mixture  of  geraniol  and  citronellol  with  phosphorus 
trichloride,  using  ether  as  the  solvent.    100  parts  of  the 
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alcohols  in  100  parts  of  absolute  ether  are  cooled  to  -  10°' 
and  gradually  added  to  60  parts  of  phosphorus  trichloride 
in  100  parts  of  ether,  also  cooled  to  -  10°.  The  temperature 
must  not  rise  above  0°  till  the  mixture  is  complete.  It  is- 
then  allowed  to  stand  for  four  to  five  days  at  the  ordinary 
temperature.  The  ethereal  solution  is  then  mixed  with 
powdered  ice  and  washed  with  ice  water.  After  a  second 
washing  with  ice  water,  it  is  washed  with  solution  of  soda 
which  extracts  a  citronellyl-phosphoric  acid,  leaving  geranyl 
chloride  in  the  ether.  The  aqueous  solution  of  the  sodium 
salt  of  the  citronellyl-phosphoric  acid  is  washed  with  ether, 
and  then  saponified  with  strong  alkali,  and  the  citronellol 
distilled  over  with  steam. 

The  probable  constitution  of  citronellol  is  : — 

C  (CH3)2 :  CH .  CH2 .  CH2 .  CH  (CH8) .  CH2 .  CH2  OH. 

Citronellal,  Cl0H18O,  is  the  aldehyde  of  citronellol,  and 
occurs  in  several  essential  oils,  notably  in  citronella  oil,  in 
which  it  was  first  discovered  by  Dodge,  who  separated  it 
by  means  of  its  bisulphite  compound.  It  is  an  oily  liquid 
of  characteristic  odour,  of  specific  gravity  '8768  at  17'5°,  and 
refractive  index  1-4481.  Natural  citronellal  is  usually  dextro- 
rotary,  from  +  8°  to  +  12u.  On  reduction  it  yields  the 
alcohol,  citronellol,  C10H20O.  It  boils  at  205°  to  208°  under 
ordinary  pressure.  It  forms  numerous  characteristic  deriv- 
atives, of  which  the  oxime  C10H1S .  NOH  is  an  oil  boiling  at 
135°  at  14  mm.,  of  specific  gravity  '906.  It  also  forms  a  com- 
pound with  phosphoric  acid,  which  combines  with  aniline, 
the  resulting  salt  melting  at  165°.  It  appears  almost  certain 
that  citronellol  and  citronellal  are  dihydro-derivatives  of 
geraniol  and  geranial  (citral).  Citronellal  has  in  all  proba- 
bility the  constitution — 

C  (CH3)2 :  CH  .  CH2 .  CH2 .  CH  (CH3)CH2 .  COH. 

Methyl-heptenone,  C8HH0. — This  body  is  an  open-chain 
ketone  of  the  constitution  CH3.C(CH3) :  CH.CH,CH2.CO.CH3, 
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according  to  Tiemann.  It  occurs  naturally  in  oil  of  lemon- 
grass  and  other  oils,  and  results  from  the  oxidation  of  citral, 
or  the  distillation  of  cineolic  anhydride.  Many  discordant 
statements  have  been  made  as  to  the  identity  or  otherwise 
of  this  ketone  when  extracted  from  different  oils,  but 
Tiemann's  recent  work  tends  to  prove  that  natural  methyl- 
heptenone  has  the  formula  given  it  above  and  is  identical 
with  that  obtained  from  cineolic  anhydride.  It  is  best 
identified  by  its  semicarbazone  melting  at  136°  to  138°.  It 
has  a  specific  gravity  0-853  at  20°,  boils  at  173°  to  174°,  and 
has  a  refractive  index  1*4439  at  15°. 


The  Geraniol  and  Citronellol  Series. 


Boiling 

Sp.  Gravity. 

Refractive 

Optical 

B.  P. 

Sp.  Gr. 

Point. 

Index. 

Activity. 

of  Acetate. 

of  Acetate. 

Geraniol  C10H17.OH 

229°-230° 

•8S0--883 

1-4776 

inactive 

128°-129° 

•9174  at 

at  16  mm. 

15° 

Nerol  Ci0H17OH  . 

226°-227° 

•881 

1-4776 

ii 

Linalol  C10Hn.OH  . 

195°-198° 

•872 

1-4630  at 

about 

105°-106° 

•912  at  15° 

20° 

±  20° 

at  11  mm. 

Citronellol  (dextro) 

117°-118° 

•856  at 

1-4566  at 

+  4° 

119°-121° 

•893  at 

at  17  mm. 

17-5° 

20° 

at  15  mm. 

17-5° 

Citronellol  (laevo) 

113°-114° 
at  15  mm. 

•861  at  20° 

1-4579  at 

20° 

-  4-3° 

Citral  (geranalde- 

hyde)  O10H1BO  . 

228°-229° 

•897  at  15° 

1-4931  at 
15° 

inactive 

Citronellal  (dextro) 

205°-208° 

•875  at 
17-5° 

1-4481  at 

20° 

+  8-2° 

Citronellal  (laevo) 

CioH,80 

143°-144° 
at  14  mm. 

1-4536  at 

20° 

-  6-25° 

IV.  BENZENE  COMPOUNDS. 

A  large  number  of  compounds,  belonging  to  what  is 
usually  termed  the  benzene  series,  occur  in  essential  oils. 
Comparatively  few,  however,  are  of  common  occurrence, 
and  these  are  mainly  either  phenols  or  alcohols  and  their 
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immediate  derivatives,  aldehydes  or  acids.  Of  bodies  outside 
these  limits,  the  hydrocarbon  cymene  is  probably  that  of 
most  frequent  occurrence.  The  following  paragraphs  deal 
briefly  with  the  most  important  of  these  bodies : — 

Cymene. 

Cymene,  C10H14. — There  are  a  number  of  isomeric  bodies 
of  this  formula,  which  are  either  propyl-methyl-,  or  isopropyl- 
methyl-benzene.  That  which  is  usually  known  as  cymene, 
however,  and  which  occurs,  for  example,  in  Roman  caraway 
oil,  is  the  ^ara-methyl-isopropyl-benzene,  that  is,  the  isomer 
in  which  the  methyl  and  the  propyl  groups  are  in  the 
positions  1  and  4,  acccording  to  the  usually  accepted  nota- 
tion for  benzene  derivatives.  This  body,  then,  has  the 
constitution — 

C.CH3 

/  \ 
HC  CH 

I  I 

HC  CH 

\  / 
C .  C3H7 

It  is  a  pleasant-smelling  liquid,  boiling  at  175°  to  176° ;  of 
specific  gravity  '8722  at  0°.  It  can  be  obtained  by  distilling 
camphor  and  phosphorus  pentoxide,  or  by  boiling  cumic 
alcohol  with  zinc  dust;  or  by  heating  pam-bromtoluene 
with  sodium  and  propyl  iodide. 

phenols  and  their  derivatives. 
Phenols  with  Nine  Carbon  Atoms. 

Chavicol,  C9H10O,  is  the  only  nine-carbon  phenol  of  note 
which  is  found  naturally  in  the  free  state  in  essential 
oils.  It  is  para-allyl  phenol,  of  the  constitution  C0H4  (OH) 
(CH2 .  CH  :  CH2).  It  occurs  in  the  oil  of  Chavica  Betle,  and 
is  a  colourless  oil  of  strong  odour,  of  specific  gravity  T035 
at  20°,  boiling  at  237°.    It  yields  no  colouration  with  ferric 
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chloride.  It  yields  a  series  of  ethers,  such  as  methyl-  and 
ethyl-chavicol.  The  phenol  Anol  is  very  closely  related 
to  chavicol,  being  para-propenyl  phenol,  C6H4(OH)(CH : 
CH .  CH3).  It  occurs  naturally  only  in  the  form  of  ethers, 
the  chief  of  these  being  anethol,  Ci0H12O,  which  is  its  methyl 
ether,  of  the  constitution  C6H4(0  .  CH3)(C3H5).  This  body 
occurs  in  oil  of  aniseed,  from  which  it  can  be  separated  in 
the  form  of  white  shining  scales,  melting  at  21°,  and 
boiling  at  232°.  It  has  been  prepared  synthetically  from 
p-methoxyphenylcrotonic  acid.  It  also  results  by  means  of  a 
reaction  common  to  this  group  of  phenols.  Methyl  chavicol, 
above  described,  contains  the  allyl  group,  whilst  anethol  con- 
tains the  propenyl  group.  It  has  been  found  that  nearly  all 
allyl-benzene  derivatives  are  transformed  into  the  isomeric 
propenyl-benzene  derivatives,  when  heated  with  alcoholic 
potash.  Methyl-chavicol  in  this  way  yields  anethol.  In 
this  group  of  natural  compounds  the  propenyl  derivatives 
usually  have  higher  specific  gravities  and  boiling  points 
than  the  corresponding  allyl  derivatives.  Anethol  is  char- 
acterised by  the  formation  of  a  brom-anethol  dibromide, 
C6H3Br .  (OCH3)(C3H5Br2),  melting  at  107°.  Compounds 
isomeric  with  anethol,  in  which  the  propenyl  and  the 
phenolic  groups  are  in  the  ortho-  and  meto-positions,  have 
been  prepared  by  acting  on  the  ortho-  and  meto-salicylic 
aldehydes  with  propionic  anhydride  and  sodium  propionate. 
The  relations  of  these  to  natural  anethol  are  shown  in  the 
following  diagrammatic  formulae  : — 

C  .  OCH3  C  .  OCH3  C  .  OCH3 

/\  /\  /\ 

HC    CH  HC    C(C3H5)     HC  CH 

II  II  II 

HC    CH  HC     CH  HC  C(C3H5) 

\/  \/  \/ 

C(C3H&)  CH  CH 

Natural  Anethol.  Ortho-Ancthol.  Meta-Anethol. 

5 
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Ally i-dioxy 'benzene,  C9H10O2,  is  capable  of  existing  in 
six  possible  isomeric  forms.  Of  these  only  one  is  of  any 
importance,  and  that  only  in  the  form  of  its  ethers.  Eugenol, 
chavibetol  and  safrol  are  all  derivatives  of  the  phenol — 

fC3H5  (1) 
C6H3  OH  (3) 
lOH  (4) 

when  C3H5  is  the  allyl  group,  and  the  numbers  refer  to  the 
position  of  the  radicles  in  the  benzene  nucleus. 

Estragol  occurs  in  tarragon  oil  (estragon  oil).  It  is  isomeric 
with  methyl  chavicol  and  boils  at  215°.  It  is  converted  into 
anethol  by  boiling  with  alcoholic  potash. 

Eugenol,  C10Hl2O2,  is  its  methyl  ether  of  the  constitution 
CeHgtCsH^COCII^COH)4.  It  occurs  in  the  oils  of  cloves, 
allspice,  bay,  and  cinnamon  leaves,  and  is  a  body  of  enormous 
commercial  interest,  on  account  of  its  use  for  the  manufacture 
of  vanillin  (q.v.).  It  can  be  obtained  in  a  state  of  comparative 
purity  by  shaking  oil  of  cloves  with  alcoholic  solution  of 
potassium  hydroxide.  The  whole  solidifies  to  a  crystalline 
mass.  This  is  pressed,  washed  with  alcohol  and  decomposed 
with  an  acid.  The  resulting  oil,  when  washed  to  free  it 
from  traces  of  acid,  can  be  purified  by  distillation.  It  is  then 
a  nearly  colourless  oil,  of  specific  gravity  1*070,  and  refractive 
index  1-5400  and  boiling  at  247°.  It  is  coloured  blue  by  ferric 
chloride.  By  oxidation  with  potassium  permanganate,  it  is 
converted  into  vanillin  and  allied  bodies.  Various  ethers  of 
eugenol  also  exist,  methyl-eugenol,  CGH3(OCH3)2(C3H5),  being 
a  constituent  of  several  essential  oils.  It  can  also  be  formed 
synthetically  by  the  action  of  potash  and  methyl  iodide  on 
eugenol.  Eugenol  behaves  in  the  manner  above  referred  to 
when  treated  with  hot  alcoholic  alkali,  that  is,  it  is  converted 
into  the  corresponding  propenyl  compound,  isoeugenol. 

Chavibetol,  C10H12O2,  is  very  closely  related  to  eugenol, 
differing  from  it  only  in  that  the  hydroxy-  and  the  methoxy- 
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groups  are  in  the  reversed  positions.    It  is  a  methyl  ether  of 

allyl-dioxy-benzene,of  the  formula  C6H3(C3H5)1(OH)3(OCH3)4. 

It  occurs  with  chavicol  in  oil  of  betel. 

Safrol,  C10H10O.2,  is  the  methylene  ether  of  allyl-dioxy- 

benzene,  of  the  constitution — 

C3H5  (1) 
C6H3  fA\  (3) 
|0>H2  (4) 

It  is  found  to  a  considerable  extent  in  oils  of  sassafras, 
camphor,  and  Ilicium  religiosum.  When  pure  it  is  a  white 
crystalline  mass  at  low  temperatures,  melting  at  +  8°.  At 
ordinary  temperatures  it  forms  a  colourless  oil  of  character- 
istic, pleasant  odour,  of  specific  gravity  about  l'l,  and  boiling 
at  232°.  It  is  optically  inactive  when  pure.  It  is  easily  con- 
verted into  isosafrol  (containing  the  propenyl  group)  by  the 
action  of  alcoholic  potash.  Safrol  is  used  to  an  enormous 
extent  for  perfuming  cheap  soaps,  and  is  also  of  great  com- 
mercial value  on  account  of  the  fact  that  on  oxidation  it  yields 
heliotropin,  an  artificial  perfume  which  is  now  largely  em- 
ployed (q.v). 

Propenyl-dioxybenzene,  C9Hl0O2,  is  a  phenol  analogous 
in  every  respect  to  allyl-dioxybenzene.  The  difference 
between  the  two  bodies  is  that  the  latter  contains  the  allyl 
group .  CH2 .  CH  :  CH2,  whilst  the  former  contains  the  propenyl 
radicle  .  CH  :  CH  .  CH3. 

Isoeugenol,  C10H12O2,  and  isosafrol,  C10H10O2,  are  the 
two  best  known  derivatives  of  this  phenol.  Isoeugenol 
results,  according  to  the  general  rule  of  phenols  containing 
the  allyl  group,  when  eugenol  is  boiled  with  alcoholic  potash. 
It  is  also  obtained  by  distilling  homoferulic  acid  with  lime. 
It  is  an  oil  boiling  at  260°.  Its  constitution  is  identical  with 
that  of  eugenol,  C6H3(C3H5)1(OCH3)3(OH)4,  except  that  C3H5 
here  represents  the  propenyl  group.  Isosafrol,  Cl0H10O2, 
is  obtained  in  the  same  manner  from  safrol,  viz.,  by  boiling 
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it  with  alcoholic  potash.  It  is  an  oil,  boiling  at  248°,  and 
solidifying  at  very  low  temperatures.  Oxidation  yields 
chiefly  piperonal  (artificial  heliotropin). 

Propenyl-trioxybenzene,  C9H10O3,  is  represented  by  its 
trimethyl  ether,  of  the  constitution  C6H2(C3H5)(OCH3)3, 
asarone.  This  forms  the  solid  constituent  of  the  oil  of  Asarum 
Europceum  and  occurs  in  monoclinic  prisms,  melting  at  61° 
and  boiling  at  295°  to  296°.  Its  specific  gravity  at  18°  is 
1-165.  This  constitution  has  quite  recently  received  definite 
confirmation  by  the  synthesis  of  the  body  by  Gatterrnann, 
who  condensed  oxyhydrokinone-trimethyl  ether  and  hydro- 
cyanic acid  in  benzene  solution,  by  means  of  aluminum 
chloride,  and  treated  the  reaction  product  with  water. 

(OCH3)3 

Asaraldehyde  resulted,  of  the  formula  C6H2(  ,  which 

x  COH 

was  condensed  with  propionic  anhydride  and  sodium  pro- 

(OCH3)3 

pionate.    Asarol,  C6H2/  ,  identical  with  the 

y  \CH  :  CH  .  CH3 

natural  body  resulted  (Berichte,  1899,  p.  290). 

Myristicene  is  butenyl-trioxybenzene-methyl  methylene 
ether,  C6H2(C4H7)(CH202)(CH30).  It  occurs  in  the  high 
boiling  fractions  of  mace  and  nutmeg  oil.    It  melts  at  30°. 

Allyl  tetroxybenzene,  C6H(C3H5)(OH)4,  is  represented 
by  its  dimethyl-methylene  ether,  apiol,  C12HU04-  Two 
isomers  of  this  constitution,  differing  only  in  the  relative 
positions  of  the  substituent  groups  in  the  benzene  nucleus, 
are  well  known,  viz.,  apiol  from  oil  of  parsley,  and  dill-apiol 
from  some  varieties  of  dill  oil.  The  corresponding  propenyl 
compounds,  in  which  the  allyl  group  is  replaced  by  the 
propenyl  radicle,  are  also  known.  Apiol  from  oil  of  parsley 
is  a  crystalline  solid,  volatile  with  steam,  melting  at  30°  and 
boiling  at  294".  It  dissolves  in  strong  sulphuric  acid  with  a 
characteristic  blood-red  colour.    By  boiling  it  with  alcoholic 
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potash  the  allyl  group  suffers  rearrangement,  and  isoapiol, 
the  isomeric  methylene-dimethyl  ether  of  propenyl-tetroxy- 
benzene,  results.  This  is  also  a  crystalline  solid,  forming 
leaflets  melting  at  56°  and  boiling  at  304°.  In  1896  Ciamician 
and  Silber  announced  the  discovery  of  an  isomeric  apiol, 
which  they  separated  from  the  high  boiling  fractions  of  oil 
of  dill.  It  is  an  oily  liquid,  boiling  at  285°  with  slight 
decomposition.  When  boiled  with  alcoholic  potash  it  yields 
isoapiol,  which  differs  from  it  in  containing  the  propenyl 
instead  of  the  allyl  group.  This  body  melts  at  44°  and  boils  at 
296°  with  slight  decomposition.  A  close  study  of  these  bodies 
has  made  it  clear  that  the  two  isomeric  apiols  possess  the 
formulae — 

fOCH3  (5)  (0,CH2  (5  and  4) 

J  02CH2  (4  and  3)  !  OCH3  (3) 

C6Hl0CH3(2)  C6H  ]OCH3  (2) 

IC3H5  (1)  1C3H5  (1) 

Apiol.  Isoapiol. 

where  the  numbers  refer  to  the  relative  position  of  the 
radicles  in  the  benzene  nucleus.  Here  the  C3H5  is  the  allyl 
group.  The  propenyl-apiols  are  of  the  same  constitution, 
except  that  the  C3H5  group  represents  the  propenyl  radicle 
in  each  case. 

Phenols  with  Ten  Carbon  Atoms. 

Methyl-propyl-phenol,  C10H13OH. — Of  the  twenty  possible 
isomeric  forms  of  this  phenol,  only  two  are  of  common 
occurrence  in  essential  oils.  These  are  thymol  and  carvacrol. 
Thymol  exists  in  various  oils,  notably  in  that  of  thyme.  To 
obtain  it  in  a  fairly  pure  state,  the  oil  can  be  shaken  with 
a  solution  of  caustic  potash  ;  the  aqueous  layer,  after  separa- 
tion, is  treated  with  excess  of  hydrochloric  acid,  which  pre- 
cipitates the  free  phenol.  It  can  also  be  prepared  artificially 
from  nitrocumic  aldehyde.  Thymol  forms  large,  colourless 
crystals,  melting  at  44°,  and  boiling  at  230°.    It  has  an  odour 
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resembling  thyme,  and  is  a  very  strong  antiseptic.  On  dis- 
tillation with  phosphorus  pentasulphide  it  yields  cymene. 
Carvacrol  occurs  in  a  number  of  oils  of  the  thyme  family, 
especially  in  certain  origanum  oils  and  can  be  prepared 
artificially  by  heating  carvone,  an  isomeric  ketone,  with 
phosphoric  acid,  or  by  heating  camphor  with  iodine.  It  is  a 
thick  oil,  solidifying  at  0°,  and  distilling  at  236°.  The  con- 
stitutions of  thymol  and  carvacrol  are  : — 

C  .  CH3  C  .  CH3 

/\  /\ 
HC     CH  HC  C.OH 

II  II 
HC     C.OH         HC  CH 

\/  \/ 
C  .  C3H7  C  .  C3H7 

Thymol.  Carvacrol. 
They  are  both  methyl-isopropyl  phenols. 

Alcohols. 

A  number  of  the  aromatic  alcohols  occur  in  small  quan- 
tities in  a  few  oils,  but  the  two  following  are  the  most  common, 
occurring  chiefly  in  some  of  the  aromatic  balsams  : — 

Benzyl  alcohol,  C6H5 .  CH2OH,  is  the  simplest  alcohol  of 
the  benzene  series.  It  is  a  colourless  liquid,  of  aromatic 
odour,  occurring  in  the  form  of  esters,  chiefly  in  the  balsams 
of  Peru  and  Tolu  and  storax  and  in  oil  of  jasmin  and  similar 
oils.  It  can  also  be  obtained  artificially  by  several  methods, 
such  as  the  reduction  of  benzaldehyde.  It  boils  at  206°,  and 
has  a  specific  gravity  about  1-055  at  10°.  It  is  only  slightly 
soluble  in  water,  but  readily  so  in  alcohol  and  ether.  Amongst 
the  more  important  of  its  esters  are  benzyl  benzoate,  a  cry- 
stalline compound  melting  at  21°,  and  benzyl  cinnamate, 
melting  at  39°.  Both  are  aromatic  bodies.  Oxidation  of 
benzyl  alcohol  gives  rise  to  benzaldehyde  and  benzoic  acid. 

Styryl  alcohol,  CoH5(CH  :  CH  .  CH2OH),  also  known  as 
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styrol  or  cinnamic  alcohol,  is  7-phenyl-allyl-alcohol.  It  exists 
as  styracine,  or  cinnamyl  cinnarnate,  CSH7 .  C02 .  C9H9,  m 
storax.  This  body  melts  at  44°,  and  when  boiled  with  alkalies 
yields  the  free  alcohol  and  alkaline  cinnarnate.  The  alcohol 
is  a  crystalline  solid,  melting  at  33°  and  boiling  at  250°.  It 
possesses  a  hyacinth-like  odour. 

Aldehydes. 

These  bodies  are  of  more  frequent  occurrence  than  their 
corresponding  alcohols.  The  more  important  of  them  are 
benzaldehyde,  salicylic  aldehyde,  anisic  aldehyde,  cinnamic 
aldehyde,  and  cumic  aldehyde. 

Benzaldehyde,  C6H5COH,  is  the  main  constituent  of  oil 
of  bitter  almonds  and  other  oils  of  the  same  family.  It  can 
be  formed  in  various  ways,  including  the  oxidation  of  benzyl 
alcohol,  or,  as  is  usually  done,  by  acting  on  benzal  chloride, 
C6H5CHC12,  with  sulphuric  acid  or  with  milk  of  lime,  or  by 
heating  benzyl  chloride,  C6H5CH2C1,  with  water  and  lead 
nitrate.  Artificial  benzaldehyde  is  manufactured  and  sold 
largely  as  "  artificial  oil  of  almonds  ".  It  is  almost  identical 
with  the  natural  oil,  but  possesses  a  rather  harsher  odour, 
probably  due  to  the  presence  of  traces  of  impurities,  which 
generally  consist  of  chlorinated  compounds.  A  very  pure 
variety,  however,  is  now  produced,  which  is  free  from  these 
impurities.  The  natural  benzaldehyde  results  from  the  de- 
composition of  a  glucoside,  amygdalin,  under  the  influence  of 
the  ferment  emulsin  in  the  presence  of  water  (vide  oil  of  bitter 
almonds).  Benzaldehyde  is  a  colourless  liquid,  of  strong 
almond  odour,  of  high  refractive  power,  boiling  at  179°.  Its 
specific  gravity  is  1'050  at  15°.  It  is  somewhat  soluble  in 
water,  and  freely  so  in  alcohol  and  ether.  It  combines  to  form 
a  crystalline  compound  with  alkaline  bisulphites,  and,  gener- 
ally, exhibits  all  the  usual  properties  of  an  aldehyde.  Ic  is 
easily  oxidised  by  exposure  to  the  air  to  benzoic  acid. 
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Salicylic  aldehyde,  C6H4(OH)(CHO). — This  body  is  an 
oily  liquid  of  aromatic  odour,  occurring  in  the  oils  of  several 
varieties  of  Spircea.  It  can  also  be  formed  artificially  by  the 
ox  dation  of  its  alcohol  saligenin,  or  by  the  action  of 
chloroform  and  caustic  potash  on  phenol.  It  is  an  oil  of 
specific  gravity  1*172  at  15°,  solidifying  at  -  20°  and  boiling 
at  196°.  It  is  easily  reduced  by  sodium  to  its  alcohol 
saligenin,  or  oxidised  to  salicylic  acid. 

Anisic  aldehyde,  C6H4(OCH3)(CHO),  exists   in  minute 
quantities  in  oils  such  as  aniseed  and  fennel.  Commercially, 
it  is  sold  as  "  anbepine  "  or  artificial  hawthorn  (q.v.).    It  is  a 
colourless  liquid  of  specific  gravity  1-123  at  15°,  boiling  at  248°.. 
It  is  prepared  by  the  oxidation  of  anethol. 

Ginnamic  aldehyde,  C6H5(CH  :  CH .  COH),  is  the  chief 
ingredient  of  oils  of  cassia  and  cinnamon.  It  is  prepared 
artificially  in  large  quantities  by  the  action  of  caustic  soda 
on  a  mixture  of  benzaldehyde  and  acetic  aldehyde,  according 
to  the  equation — 

C6H5 .  COH  +  CH3 .  COH  =  C6H5 .  CH  :  CH  .  COH  +  H20. 

The  natural  oils  containing  cinnamic  aldehyde  are, 
however,  much  finer  in  odour  than  the  artificial  product. 
Cinnamic  aldehyde  is  a  colourless  oil,  slightly  heavier  than 
water,  boiling  at  247°.  It  combines  with  alkaline  bisulphites 
to  yield  a  crystalline  compound,  and  possesses  all  the  usual 
properties  of  an  aldehyde.  It  is  easily  oxidised  to  cinnamic 
acid. 

Cumic  aldehyde,  CuH^CaH^CHO),  or  cuminol,  is 
pa/ra-isopropyl-benzaldehyde.  It  is  a  constituent  of  several 
essential  oils,  notably  Roman  caraway  oil.  It  is  an  aromatic 
oil,  of  specific  gravity  '973,  boiling  at  235°.  It  forms  a 
crystalline  compound  with  sodium  bisulphite,  by  means  of 
which  it  can  be  separated  in  a  state  of  purity. 
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Ketones. 

The  only  ketone  belonging  to  this  series  which  occurs 
to  any  great  extent  in  essential  oils  is  carvone  Ci0H14O  (also 
known  as  carvol).  This  body  is  the  important  constituent 
of  oils  of  caraway  and  dill,  in  which  it  occurs  in  its  dextro- 
rotary  form.  Laevo-carvone  occurs  in  Kuromoji  oil.  It  is 
isomeric  with  carvacrol,  into  which  it  is  easily  changed  by 
the  action  of  caustic  alkali.  Its  constitution  is  : — 

C  .CH3 

/\ 
HC  CO 

I  I 
HC  CH2 

v 

C  .  C3H7 

It  is  a  colourless  oil  boiling  at  225°.  It  is  optically  active, 
existing  in  both  the  dextro-  and  the  laevo-rot&ry  forms. 
The  optical  activity  is  usually  given  as  62°,  but  the  purest 
specimen  from  oil  of  caraway  examined  by  the  author 
had  a  rotation  of  +  58'6°,  and  a  specific  gravity  *9619. 
Inactive  carvone  can  be  obtained  by  mixing  equal  quantities 
of  the  optically  active  isomers.  Carvone  yields  all  the 
usual  ketonic  compounds,  such  as  the  crystalline  oxime  and 
phenylhydrazone.  The  former  compound  is  interesting  on 
account  of  the  fact  that  it  is  identical  with  nitrosolimonene 
(vide  limonene).  Carvone  also  forms  a  crystalline  compound 
with  sulphuretted  hydrogen  C10H14(OH)(SH).  This  results 
by  passing  the  gas  through  an  alcoholic  solution  of  caraway 
oil  saturated  with  ammonia  gas.  The  resulting  crystals 
can  be  purified  by  recrystallisation,  and  decomposed  by 
alcoholic  potash,  when  nearly  pure  carvone  results.  The 
following  table  gives  the  optical  rotations  of  the  purest 
specimens  of  dextro-  and  laevo-carvone  derivatives  that 
have  been  prepared. 
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Derivatives  of 


Dextro-carvone.  Laevo-carvone. 


Carvoxie    .      .      .  . 
Carvone  sulphydrate 
Carvoxime 

Benzoyl  carvoxime  . 
Benzoyl  hydrochlor-carvoxime 


+  62°  -62°. 


+  5-53°  -5-55°. 

+  39-71°  -39-34°. 

+  26-47°  -26-97°. 

-  10-58°  •  +9-92°. 


Acids. 


The  chief  of  the  aromatic  acids  found  in  essential  oils  are 
benzoic,  salicylic  and  cinnarnic  acids.  These  usually  exist 
in  the  form  of  esters,  the  compounds  with  alcoholic  radicles 
already  referred  to;  occasionally,  however,  they  are  found 
in  the  free  state. 

Benzoic  acid,  C6H5COOH,  is  found  to  a  large  extent  in 
the  free  state  in  various  resins,  and  as  benzyl  benzoate, 
C6H5CH2 .  C02 .  C6H5,  in  various  essential  oils.  It  also  results 
from  the  oxidation  of  benzyl  alcohol  and  benzaldehyde,  and 
can  also  be  prepared  by  numerous  synthetic  reactions.  It 
forms  white,  shining  leaflets,  melting  at  120°.  It  is  readily 
volatile,  either  alone  or  with  steam.  It  is  but  slightly  soluble 
in  water.  Amongst  its  more  important  esters  are  methyl 
benzoate,  CH3 .  C02 .  C6H5)  a  liquid  boiling  at  199° ;  ethyl 
benzoate,  C2H5 .  C02 .  C6H5,  boiling  at  213°;  and  benzyl 
benzoate,  C7H7 .  C02 .  C6H5,  melting  at  21°. 

Salicylic  acid,  C6H4(OH)(COOH),  is  found  naturally, 
chiefly  as  methyl  salicylate,  which  forms  almost  the  whole 
of  oils  of  wintergreen  and  sweet  birch.  Salicylic  acid  itself 
is  ortfAo-oxybenzoic  acid,  and  when  pure  forms  crystalline 
prisms,  melting  at  155°.  It  is  slightly  soluble  in  cold  water, 
but  easily  so  in  most  organic  solvents.  The  pure  acid  may 
be  obtained  by  boiling  the  natural  oil  in  which  it  occurs,  with 
alcoholic  solution  of  potash,  and  decomposing  the  potassium 
salt  with  hydrochloric  acid.  After  purification,  the  acid  is 
found  to  be  almost  entirely  free  from  foreign  bodies.  It 
can  be  obtained  by  numerous  artificial  methods,  the  chief 
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of  which  is  that  patented  by  Kolbe,  or  some  modification 
of  it,  the  patent  having  now  expired.  This  consists  of 
heating  sodium  phenol  in  a  current  of  carbonic  acid  gas 
at  180°  to  220°,  when  di-sodium  salicylate  results. 

2C6H5ONa  +  C02  =  C6H4(ONa)(C02Na)  +  C6H5OH. 

The  salicylic  acid,  liberated  from  this  salt  by  means  of 
acids,  usually  contains  a  little  para-oxy  ben  zoic  acid,  and, 
although  modern  methods  of  preparation  and  purification 
largely  overcome  this  objection,  the  natural  acid  is  always 
preferred  to  the  artificial,  and  commands  a  higher  price. 
The  most  important  ester  of  this  acid  is  methyl  salicylate 
above  mentioned.  This  body,  CH3 .  C02(OH)C6H4,  is  an 
agreeably  smelling  liquid,  boiling  at  about  226°,  of  specific 
gravity  about  1"20  at  15°.  The  oils  of  wintergreen  and 
birch  consist  almost  entirely  of  this  body ;  so  that  methyl 
salicylate,  obtained  by  passing  a  current  of  hydrochloric 
acid  gas  into  a  solution  of  salicylic  acid  in  methyl  alcohol, 
is  now  largely  sold  as  artificial  oil  of  wintergreen.  An  aque- 
ous solution  of  sodium  salicylate  readily  dissolves  most 
oxygenated  constituents  of  essential  oils. 

Ginnamic  acid,  C6H5 .  CH  :  CH  .  C02H,  exists  free  in 
various  resins,  and  to  a  certain  extent  in  some  essential  oils. 
It  can  be  prepared  by  numerous  synthetic  reactions,  and 
is  now  of  great  importance,  on  account  of  its  value  in  tbe 
synthesis  of  indigo.  A  useful  method  of  obtaining  the  acid 
is  to  boil  3  parts  of  benzaldehyde  with  3  parts  of  sodium 
acetate  and  10  parts  of  acetic  anhydride.  Water  is  then 
added,  the  acid  dissolved  in  alkali,  and  finally  precipitated 
with  HC1  and  recrystallised.  Pure  cinnamic  acid  crystallises 
in  fine  needles,  melting  at  133°.  Styracine,  the  cinnamic 
ester  of  cinnamyl  alcohol,  has  already  been  mentioned. 
V.  ALIPHATIC  COMPOUNDS. 

Apart  from  the  open-chain  compounds,  already  described 
under  the   geraniol  and  citronellol  group,  there  exist  in 
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essential  oils  a  few  bodies  belonging  to  the  open-chain  or 
aliphatic  series.  The  most  common  of  these  are  the  alcohols, 
aldehydes  and  acids  belonging  to  the  ethyl  alcohol  and  acetic 
acid  series.  They  usually  exist  either  as  the  free  alcohols 
and  aldehydes,  or  as  combinations  of  the  alcohols  and 
acids,  as  esters.  For  the  purpose  in  view,  the  constitution 
and  general  properties  of  the  most  important  of  these  will 
suffice. 

Alcohols. 

Methyl  alcohol,  CH3 .  OH  ;  liquid  boiling  at  66°,  specific 
gravity,  "796  at  20°,  soluble  in  water  in  all  proportions.  It 
exists  in  the  free  state  in  traces  in  oil  of  cloves ;  largely  in 
the  form  of  esters  (e.g.  with  salicylic  acid). 

Ethyl  alcohol;  C2H5 .  OH ;  liquid  boiling  at  78°,  of  specific 
gravity  '8062  at  0°,  soluble  in  water  in  all  proportions.  It 
exists  in  small  quantities  in  the  free  state  in  several  essential 
oils,  and  also  as  esters. 

Propyl  alcohol,  CH3 .  CH2 .  CH2OH ;  liquid  boiling  at  97°, 
of  specific  gravity  "8044  at  20°. 

Isopropyl  alcohol,  (CH3)2CH .  OH ;  an  isomer  of  the  last 
described  body,  boiling  at  83°,  of  specific  gravity  "7887  at 
20°. 

Butyl  alcohol,  CH3 .  CH2 .  CH2 .  CH2 .  OH  ;  liquid  boiling 
at  117°,  of  specific  gravity  '8099  at  20°. 

Isobutyl  alcohol,  (CH3)2 .  CH .  CH2OH  ;  liquid  boiling  at 
108°,  of  specific  gravity  "8020  at  20°. 

Isoamyl  alcohol  (isobutyl  carbinol),  (CH3)2CH .  CH2 
CH2OH;  liquid  boiling  at  131°,  of  specific  gravity  '8104 
at  20°. 

Hexyl  alcohol,  CcH13.OH;  liquid  boiling  at  157°,  of 
specific  gravity  '819  at  23°. 

Octyl  alcohol,  C8H17OH  ;  liquid  boiling  at  191°,  of  specific 

gravity  "830  at  16°. 
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Acids. 

Acetic  acid,  CH3COOH ;  acid  corresponding  to  ethyl 
alcohol,  from  which  it  can  be  obtained  by  oxidation ;  occurs 
largely  in  the  form  of  esters,  such  as  geranyl  acetate,  bornyl 
acetate,  menthyl  acetate,  etc.,  in  many  essential  oils ;  a 
crystalline  solid,  melting  at  16T  when  absolutely  pure, 
but  liquid  if  it  contains  more  than  traces  of  water ;  boils 
at  118°,  specific  gravity,  1-0514  at  20°. 

Propionic  acid,  C2HS .  COOH ;  liquid  boiling  at  140°,  of 
specific  gravity  "992. 

Butyric  acid,  CH3 .  CH2 .  CH2 .  COOH  ;  liquid  boiling  at 
163°,  of  specific  gravity  '9587  at  20°;  found  chiefly  as  hexyl 
and  octyl  esters. 

Isobutyric  acid,  (CH3)2CH .  COOH ;  liquid  boiling  at 
155°,  of  specific  gravity  '949  at  20° ;  found  both  in  the  free 
state  and  as  esters. 

Valeric  acids,  C6H10Oa.— Normal  valeric  acid  does  not 
appear  to  be  found  in  any  essential  oils.  Isovaleric  acid 
(CH3)2CH .  CH2 .  COOH,  is  found ;  it  is  a  liquid  boiling  at  174°, 
of  specific  gravity  -947.  Another  isomer,  also  found  in  essen- 
tial oils,  is  methyl-ethyl-acetic  acid,  (C2H5)(CH3) .  CH  .  COOH. 
This  is  an  optically  active  liquid,  boiling  at  175°,  of  specific 
gravity  -941  at  21°. 

Caproic  acid,  C5HnCOOH ;  liquid  boiling  at  205°, 
solidifying  at  -  2°,  specific  gravity,  -928  at  20°.  (The 
above  -  described  acids  are  mono -basic,  belonging  to  the 
acetic  series.) 

Tiglic  and  angelic  acids,  CsHgO^.— These  two  acids 
are  geometrical  isomerides.  They  are  unsaturated  acids, 
belonging  to  the  acrylic  series.  Tiglic  acid  forms  crystals 
melting  at  64-5° ;  angelic  acid  melts  at  45°.  The  constitutions 
of  these  bodies  are  : — 
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CH3 .  CH  CH3 .  CH 


CH3 .  C  .  COOH  COOH  .  C  .  CH3 

Angelic  acid.  Tiglic  acid. 

These  two  acids  occur  chiefly  as  esters  in  Roman  chamomile 
oil.  Tiglic  acid  is  also  found  as  geranyl  tiglate  in  geranium 
oil. 

Hydrocyanic  acid,  HCN. — This  very  poisonous  acid 
occurs  in  bitter  almond  oil,  and  other  oils  of  the  same 
family,  but  is  frequently  removed  from  the  oil  before  it  is 
used.  When  pure,  hydrocyanic  or  prussic  acid  is  a  mobile 
liquid  of  specific  gravity  '697  at  18°,  and  boiling  at  26-5°. 

Aldehydes. 

Acetaldehyde,  CH3 .  COH,  is  the  aldehyde  corresponding 
to  ethyl  alcohol  and  acetic  acid.  It  is  a  liquid  of  peculiar 
odour,  boiling  at  21°,  of  specific  gravity  '8009  at  0°.  It  has 
been  found  in  one  or  two  oils. 

Valeric  aldehyde,  (CH3)(CH2)3  ■  CHO  ;  liquid  boiling  at 
102°. 

Isovaleric  aldehyde,  (CH3)2CH  .  CH2 .  CHO  ;  liquid  boil- 
ing at  92°. 

Sulphur  Compounds. 

Vinyl  sulphide,  (C2H3)2S,  is  a  constituent  of  oil  of  Allium 
ursinum.  It  is  a  liquid  of  noxious  odour,  boiling  at  101°, 
of  specific  gravity  '9125. 

Allyl  sulphide,  (C2H5)2S,  is  a  constituent  of  oil  of  garlic, 
and  occurs  in  many  oils  belonging  to  the  Gruciferai.  It  is  a 
liquid  of  very  unpleasant  odour,  boiling  at  140°. 

Allyl  thiocyanate,  C3H5 .  NSC,  is  the  principal  constituent, 
of  ordinary  mustard  oil.    It  results  from  the  decomposition 
of  the  glucoside,  potassium  myronate,  which  breaks  up  under 
the  influence  of  the  ferment  myrosin  in  the  presence  of 
moisture,  as  follows  : — 
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C10HlsKNO10S2  =  C6H1206  +  KHS04  +  C3H5.NSC. 

Potassium  myronate.  Ghicose.  Allyl  thiocyanate. 

It  can  be  obtained  artificially  by  distilling  allyl  iodide  or 
bromide  with  alcoholic  potassium  thiocyanate.  Such  a 
product  is  generally  sold  as  artificial  mustard  oil,  and  it 
has  largely  replaced  the  natural  oil.  It  is  a  foul-smelling 
liquid,  boiling  at  151°,  of  specific  gravity  1*017  at  10°. 

Othee  Bodies. 

Methyl  nonyl  ketone,  CH3 .  CO  .  C9H19,  is  a  ketone  be- 
longing to  the  fatty  series  which  is  found  to  a  small  extent 
in  essential  oils.  It  occurs  in  oil  of  rue,  and  is  a  liquid  of 
strong  odour,  boiling  at  225°.  If  cooled  it  solidifies,  and  then 
melts  at  13°.  Several  allied  ketones  are  also  found  in  a  few 
essential  oils. 

Paraffins. — A  number  of  solid  hydrocarbons  have  been 
found  in  several  oils,  such  as  oil  of  roses,  which  probably 
are  members  of  the  paraffin  series  of  the  general  formula 
CnH2n  +  2»  but  at  present  little  is  known  definitely  of  the  exact 
chemical  relationships  of  these  bodies. 


CHAPTEE  III. 

THE  PREPARATION  OP  ESSENTIAL  OILS. 

The  methods  used  for  obtaining  essential  oils  from  the 
plants  yielding  them  vary  greatly,  not  only  in  principle,  but 
also  in  detail.  Indeed,  in  many  cases  where  the  principles 
underlying  the  various  processes  are  identical,  the  actual 
details  are  governed  by  so  many  circumstances,  that  only 
an  intimate  knowledge  of  the  chemistry  of  the  bodies  in 
question,  coupled  with  a  liberal  practical  experience,  will 
ensure  the  attainment  of  the  best  results.  The  present 
chapter  is  devoted  to  a  brief  outline  of  the  most  important 
processes  in  general  use,  without  devoting  too  much  space 
to  details,  which,  treated  in  a  text-book,  could  not  yield  the 
practical  man  nearly  so  much  information  as  could  be 
obtained  during  a  short  stay  in  a  factory.  Generally  speaking, 
the  processes  used  for  obtaining  essential  oils  may  be  grouped 
under  the  three  headings — Expression,  Distillation,  and 
Extraction  with  a  solvent  (the  latter  including  the  various 
absorption  processes). 

Expression. 

This  process  is  only  of  value  in  those  cases  where  the 
substances  operated  upon  contain  a  considerable  amount  of 
oil,  and  are  of  a  certain  degree  of  softness. 

In  general,  the  principle  of  the  process  is  as  follows  :  the 
substance  yielding  the  oil  (the  peel  of  the  orange,  lemon, 
bergamot,  etc.),  freed  as  much  as  possible  from  all  adhering 
substances,  such  as  the  soft  endocarp,  is  placed  in  a  cloth 
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and  subjected  to  great  pressure.  The  form  of  the  press,  and 
the  nature  of  the  power  used,  will  vary  according  to  the 
quantity  operated  upon,  etc.  The  liquid  expressed  from  the 
substance  is  usually  an  opaque  milky  fluid,  which  consists 
of  the  oil,  water  and  various  solids,  either  dissolved  in  the 
water  or  held  in  suspension.  The  liquid,  on  standing  in  tall 
narrow  vessels  for  a  few  days,  separates  into  two  layers, 
the  oil  on  top  and  the  watery  fluid  below.  This  latter 
generally  shows  division  into  two  layers  itself,  the  bottom 
one  consisting  of  a  deposit  of  the  various  albuminous  and 
cellular  substances  which  were  held  in  suspension  in  the 
liquid.  The  crude  oil  is  separated  in  the  ordinary  way  by 
any  mechanical  appliance  which  will  allow  the  liquids  to  be 
run  off  as  in  a  separatory  funnel.  Such,  for  example,  is  a 
bottle  with  lateral  taps,  by  which  the  water  is  first  run  off 
through  a  lower  tap  ;  the  oil  can  be  run  off  almost  completely 
through  an  upper  one.  The  oil,  however,  is  always  turbid, 
and  requires  purification,  either  by  distillation  or  filtration. 
In  the  special  cases  mentioned  distillation  impairs  the 
quality  of  the  oil,  so  that  filtration  is  resorted  to.  As  this 
operation  requires  some  time,  it  is  of  the  greatest  importance 
to  exclude,  as  far  as  possible,  any  excess  of  air.  This 
indeed  is  usually  necessary  when  dealing  with  essential  oils, 
for  most  of  them  are  easily  oxidised,  and  care  should  be 
taken  to  prevent  the  action  of  the  air;  and  as  this  is 
accelerated  by  heat  and  light,  cool  dark  places  are  usually 
the  most  suitable  for  storing  them  in.  The  following  diagram 
shows  the  principle  of  a  useful  and  simple  filter  which  can 
be  used  for  many  oils.  It  possesses  the  advantage  of  ex- 
cluding all  air  from  acting  on  the  oil  during  filtration, 
except  that  contained  in  the  apparatus  when  the  operation 
is  started. 

Here  F  is  the  top  of  a  glass  receiving  bottle,  closed  by 

a  tightly  fitting  cork  with  two  holes  in  it.    The  top  rim  of 
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the  glass  funnel,  T,  is  ground  smooth  and  covered  with  a 
smooth  wooden  plate,  D,  with  an  india-rubber  ring  on  its 
lower  side,  and  pierced  by  a  hole  in  the  centre.  Through 
this  hole  is  placed  a  bent  glass  tube,  which  is  fitted  tight 
into  the  hole  by  means  of  a  rubber  cork,  and  securely 
connected  with  the  rubber  tube,  K.  This  terminates  in 
another  bent  glass  tube  which,  with  the  nose  of  the  funnel, 
pierces  the  cork  of  the  receiver.  When  the  filter  paper  is 
placed  in  the  funnel  and-  this  is  filled  with  the  oil,  the  lid 
is  fixed  on  and  need  not  be  removed,  except  to  fill  up  the 
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funnel  again,  until  the  receiver  is  full.  By  this  means  the 
air  of  the  receiver  is  gradually  driven  into  the  funnel  to  take 
the  place  of  the  oil,  and  so  contact  with  the  outside  air  is 
entirely  avoided. 

As  a  matter  of  fact,  the  use  of  an  actual  press  is  but  rarely 
employed  in  the  preparation  of  the  oils  above  mentioned 
(lemon,  orange,  etc.).  The  following  processes,  in  which 
very  little  pressure  is  used,  are  largely  employed  in  the 
preparation  of  this  group  of  oils.  In  Sicily  and  the  south  of 
Italy  the  Sponge  or  sponge  method  is  very  largely  employed. 
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This  has  been  described  by  various  writers,  and  probably  the 
following  description  by  Mr.  Arthur  Barrett  (Year  Book  of 
Pharmacy,  1892,  p.  505)  is  as  accurate  as  any.  He  says : 
"  The  principle  on  which  the  extraction  of  the  essence  is 
carried  out  may  be  illustrated  in  this  way.  If  you  hold  a 
piece  of  lemon  peel  up  to  the  light,  and  turn  it  inside  out, 
a  fine  shower  of  mist  will  be  seen  to  be  forcibly  ejected. 
This  is  not  all  oil,  but  a  mixture  of  oil  and  water.  Most 
people  are  unpleasantly  acquainted  with  this  phenomenon, 
though  many  may  not  have  actually  seen  it,  for  in  peeling 
a  lemon  or  orange  with  the  fingers  a  little  of  the  oil  is  often 
ejected  into  the  eye,  causing  a  considerable  amount  of  pain. 
By  turning  the  lemon  peel  inside  out  almost  the  whole  of 
the  essence  is  removed  from  the  peel,  for  each  little  globule 
of  oil  appears  to  be  surrounded  by  water,  and  the  liquid 
which  remains  adherent  to  the  peel  consists  principally  of 
water.  As  it  is  impossible  to  turn  every  piece  of  peel 
actually  inside  out,  the  following  method  is  adopted.  One 
man  takes  a  lemon  in  his  hand,  and  with  three  rapid  strokes 
with  a  large  knife  cuts  off  nearly  all  the  peel  in  three  slices. 
The  central  portion  which  is  left  consists  of  most  of  the 
pulp  with  a  little  of  the  peel — top  and  bottom.  This  is  simply 
pressed  for  making  lemon  juice.  The  slices  pass  to  a  second 
workman,  who  sits  on  a  low  chair  with  a  common  quality 
bath  sponge,  worth  about  sixpence,  in  one  hand.  With 
the  other  he  presses  the  slice  of  peel  against  the  sponge, 
pressing  the  edges  of  the  peel  only  with  his  fingers,  the 
object  being  to  press  the  convex  piece  of  lemon  peel  as 
nearly  flat  as  possible.  The  amount  of  pressure  used  is 
very  slight,  and  at  first  sight  it  seems  incredible  that  the 
oil  globules  can  have  been  broken ;  but,  if  you  try  the 
experiment  of  turning  this  exhausted  peel  inside  out,  nothing 
more  can  be  extracted.  The  sponge  is  periodically  squeezed. 
One  man  working  in  this  way  can  extract  1+  lb.  (English) 
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essence  of  lemon  per  day.  To  ensure  the  cells  being  fully 
charged  with  moisture  it  is  usual  to  allow  the  lemons  to 
stand  in  water  for  a  short  time ;  and  I  myself  propose 
washing  the  lemons  in  a  stream  of  running  water." 

The  ecuelle  process,  which  is  employed  in  the  north  of 
Italy  and  the  south  of  France,  depends  on  the  preliminary 
breaking  of  the  oil  globules  by  means  of  spikes  or  knives, 
and  varies  in  detail,  according  to  the  quantity  to  be  operated 
upon.  A  simple  ecuelle  is  a  saucer-shaped  vessel,  about 
8  in.  to  10  in.  in  diameter,  usually  made  of  copper,  tinned 
inside,  and  covered  inside  with  short  spikes,  about  \  in. 
to  I  in.  long.  In  the  bottom  of  the  saucer  is  a  hole  about 
|  to  J  in.  in  diameter,  leading  to  a  hollow  tube  about  4  in.  or 
5  in.  long.  A  fruit  is  placed  in  the  vessel,  and,  by  means 
of  a  rapid  rotary  motion,  causes  the  oil  cells  to  be  broken 
by  means  of  the  spikes.  The  escaping  oil  flows  into  the 
hollow  tube,  which  is  periodically  emptied. 

In  both  these  cases  the  peel  is  frequently  treated,  after 
all  the  oil  possible  has  been  obtained,  either  by  soaking  in 
warm  water  or  by  distillation,  to  obtain  the  remainder  of  the 
oil,  which  is  of  an  inferior  quality,  as  distillation  impairs  the 
value  of  these  oils. 

An  apparatus,  known  as  the  thermopneumatic  extractor, 
has  been  invented  by  Montfalcone  for  the  extraction  of  all 
varieties  of  citrus  oils.  The  inventor  claims  that  a  far 
higher  yield  of  oil  of  equal  quality  is  obtained  by  the  use 
of  his  apparatus,  which  is  described  as  follows:— 

1  is  a  hollow  cylinder  of  sheet  iron,  the  interior  surface 
of  which  is  studded  with  a  large  number  of  metallic  knife- 
points.  This  cylinder  revolves  on  two  axles,  attached  to  it 
at  diagonally  opposite  points.  Its  capacity  is  such  that, 
when  charged,  it  is  capable  of  holding  1200  or  1500  lemons. 
The  cylinder  having  been  properly  charged,  say  with  the 
above-mentioned  number  of  lemons,  together  with  a  small 
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quantity  of  water,  it  is  set  in  motion  by  aid  of  the  shafting 
and  pulleys,  driven  by  the  small  steam-engine.  The  fruits 
are  thereby  made  to  come  in  contact  with  the  metallic  lancets, 
and  their  whole  surface  gradually  becomes  punctured  suffi- 
ciently to  cut  or  rupture  the  cells  containing  the  essential 
oil,  which  escapes.  The  cylinder,  1,  has  double  walls,  the 
space  between  them  being  intended  for  the  circulation  of  a 
current  of  steam,  which  is  admitted  to  heat  the  water  and 
to  facilitate  the  extraction  of  the  oil,  while,  at  the  same 
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time,  the  vapours  are  rarefied  or  aspirated  by  the  vacuum- 
pump,  2.  The  axles  of  the  cylinder  on  both  sides  are  hollow  : 
that  on  the  side  looking  towards  the  engine  is  embedded  in 
such  a  manner  that  steam  from  the  boiler  may  be  admitted 
at  will,  either  into  the  double  walls  of  the  cylinder  or  into 
the  interior  of  the  cylinder  itself ;  while  the  hollow  passage 
in  the  other  axle  communicates  with  a  condensing-worm 
the  outlet  of  which  descends  into  a  cylindrical  vessel,  3, 
intended  to  receive  the  condensed  products,  consisting  of 
water  and  essential  oil.    When  the  apparatus  is  first  set  in 
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motion,  the  pump  begins  to  produce  a  vacuum  during  the 
first  revolutions  of  the  cylinder.  Steam  being  now  cautiously- 
admitted  into  the  double  walls  of  the  cylinder,  the  water  is 
raised  to  boiling  at  a  comparatively  low  temperature,  and 
the  vapours  charged  with  the  essential  oil  rapidly  pass 
over  into  the  receptacle.  With  a  two-horse-power  engine 
and  a  boiler  designed  for  a  five-horse-power  engine,  five 
such  machines  may  be  driven  at  once,  and  the  operation, 
including  the  time  required  for  charging  and  emptying,  is 
completed  in  three-quarters  of  an  hour. 

Schimmel  {Report,  April,  1896)  says  that  lemon  oil  is  in 
general  manufactured  in  three  ways  : — 

"1.  The  Spugna  process.  This  is  the  traditional  operation 
with  sponges,  as  described  by  Prof.  Fliickiger  in  his  well- 
known  sketch,  '  Easter  Vacation  in  the  South'  (Arch.  d. 
Pharm.,  vol.  iii.,  xxvii.,  p.  1065). 

"2.  The  Scorzetta  process.  The  fruits  are  cut  into  two 
halves,  the  pulp  is  removed  with  a  kind  of  spoon,  and  all 
the  parts  of  the  peel  are  then  pressed  against  a  sponge  by 
constantly  turning  it  in  the  palm  of  the  hand.  This  method 
has  the  advantage  that  the  peels  remain  unbroken,  and  retain 
their  original  appearance.  After  they  have  been  deprived  of 
the  oil,  they  are  salted,  and  then  exported  under  the  name 
'  Salato '.  The  pulp  also  remains  unimpaired,  so  that  it 
yields  its  full  supply  of  lemon  juice.  After  having  passed 
twice  through  the  pressers  it  is  used  for  feeding  cattle. 

"  3.  The  Machina  process.  A  number  of  contrivances  have 
been  tried  for  obtaining  the  essential  oil  of  agrumini  fruits 
by  other  less  empirical  and  more  economical  methods. 
More  recently  a  machine,  which  has  a  rather  complicated 
construction  but  works  very  well,  has  come  into  use  in 
Nizza  di  Sicilia,  Mascali  and  Tremestieri.  The  product 
obtained  by  this  process,  however,  is  said  to  be  less  profit- 
able, because  both  the  quantity  obtained  and  the  quality  of 
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the  oil  leave  much  to  be  desired.  It  must  remain  to  more 
extended  experience  to  demonstrate  whether  this  machine 
will  prove  a  success,  or  whether  it  will  fall  into  oblivion,  like 
most  of  its  predecessors." 

Distillation. 

The  majority  of  essential  oils  are  obtained  by  a  process 
of  distillation,  but  the  question,  when  treated  as  fully  as  it 
deserves,  becomes  so  largely  an  engineering  matter  that  no 
attempt  is  here  made  to  deal  with  the  technique  of  the  various 
processes.  A  few  words  on  the  principles  underlying  the 
general  methods  adopted  will  amply  suffice  for  the  purpose 
in  view.  In  the  first  place,  it  is  to  be  noted  that  great 
attention  has  to  be  paid  to  the  properties  of  the  oils,  and  of 
their  individual  constituents,  in  deciding  what  treatment  is 
most  advantageous.  Many  compounds  are  decomposed  by 
distillation,  notably  certain  esters ;  others  are  modified  by 
heat  to  such  an  extent,  that  distillation  materially  impairs  the 
odour  of  the  oil.  Certain  oils,  obtained  by  other  processes, 
are  submitted  to  the  process  of  distillation,  or  rectification, 
as  it  is  then  termed,  and  often  the  quality  is  by  no  means 
improved.  This  is  the  case  with  oil  of  bergamot,  in  which 
part  of  the  linalyl  acetate  is  decomposed  into  its  constituents 
on  distillation,  and  an  inferior  oil  results. 

The  early  process  used  in  civilised  countries,  and  which 
is  still  used  largely  by  those  which  are  less  civilised,  was 
distillation  by  means  of  an  open  fire.  There  the  portion 
of  the  plant  which  yields  the  volatile  oil  is  prepared  in  the 
most  advantageous  manner,  and  introduced  into  an  ordinary 
still  with  the  requisite  quantity  of  water.  When  the  fire 
is  applied  the  water  boils,  and  the  steam  carries  over  with 
it  the  essential  oil  of  the  plant.  The  steam  carrying  the 
oil,  either  in  vapour  itself  or  mechanically  suspended,  is 
condensed,  and  the  resulting  oil  separated  from  the  water  in 
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any  of  the  usual  ways.  Two  disadvantages  are  very  clearly 
indicated  here.  Firstly,  the  plant  itself  may  very  easily 
be  burnt,  with  the  result  that  the  oil  has  a  disagreeable 
empyreumatic  odour;  secondly,  a  very  careful  adjustment 
of  the  amount  of  water  is  necessary.  Too  small  a  quantity 
increases  the  risk  of  burning  the  plant  substance,  whilst  too 
much  water  results  in  a  very  large  distillate,  and,  as  all  oils 
are  slightly  soluble  in  water,  a  considerable  quantity  is  lost, 
or  at  best  is  only  recovered  in  the  form  of  an  aromatic  water. 
As  an  example  of  the  effects  of  heat,  when  a  direct-heat  still 
is  used,  the  very  high  specific  gravity  and  inferior  quality  of 
the  native  distilled  sandal-wood  oil  in  India,  as  compared 
with  that  distilled  in  England,  may  be  quoted. 

To  obviate  this  disadvantage,  the  simplest  modification 
is  that  used  to  a  large  extent  in  distilleries  which  turn  out 
some  of  the  best  oil  produced.  This  consists  in  suspending 
the  plant  substance  in  copper  cages,  which  do  not  quite  touch 
the  bottom  of  the  still.  The  water  is  run  in,  to  the  proper 
quantity,  and  when  heat  is  applied  the  water  boils  without 
any  danger  of  the  plant  substance  being  burnt.  Or  a  false 
perforated  bottom  may  be  used,  upon  which  the  plants  are 
placed.  Some  such  modification  of  this  is  used  in  the 
distillation  of  various  flowers  in  England,  and,  as  several 
English  oils  are  undoubtedly  the  finest  the  world  produces,  it 
is  clear  that  the  process  used  cannot  be  other  than  a  good 
one.  In  such  a  case  the  body  of  the  still  should  be  very 
shallow,  as  compared  with  its  width,  in  order  to  allow  the 
oil  to  distil  over  as  rapidly  as  possible,  as  otherwise  the  oil 
first  carried  up  by  the  steam  from  the  bottom  of  the  mass 
of  flowers  would  be  deposited  in  the  cooler  top  portion  of 
the  still,  and  remain  there  until  again  taken  up  by  the 
rising  steam.  This  means  a  longer  exposure  to  heat,  which 
is  never  advantageous  to  any  essential  oil,  and  is  certainly 
detrimental  to  one  with  a  delicate  odour. 


THE  PEE  PAR  AT  ION  OF  ESSENTIAL  OILS. 


89 


A  convenient  method  of  preventing  the  plant  from  being 
injured  by  proximity  to  the  fire  is  shown  in  the  following 
■diagram : — 

Here  the  plant  substance  is  placed  in  the  vessel,  A,  which 
has  an  opening,  covered  with  wire  gauze,  into  the  steam 
generator,  B.  When  the  water  is  boiled  over  an  open  fire, 
-the  steam  passes  through  this  opening,  and  permeates  the 
plant  mass,  carrying  over  the  essential  oil  through  the  outlet, 
•C,  into  the  condensing  tube. 


Fig.  4. 


In  general,  however,  the  process  of  steam  distillation,  in 
which  the  steam  is  generated  in  a  boiler,  and  let,  by  means  of 
•a  pipe,  into  the  mass  of  plant  substance  in  the  still,  possesses 
many  advantages.  The  plant  is  never  exposed  to  the  danger 
of  burning,  and  the  minimum  quantity  of  water  is  collected 
with  the  oil.  To  decrease  the  quantity  of  water  to  the 
minimum,  it  is  of  great  advantage  to  maintain  the  plants 
at  a  high  temperature,  independently  of  the  steam  used  for 
■distillation.  This  is  best  effected  by  lining  the  still  with  a 
«oil  of  pipes,  through  which  high  pressure  steam  passes. 
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By  this  means  the  mass  is  heated  without  any  danger  of 
burning,  and  without  adding  any  water  to  it.  It  is  then  in. 
a  good  condition  for  the  steam  to  rapidly  carry  over  the  oil, 
and,  in  addition  to  the  use  of  less  water  for  distillation,  the 
time  taken  by  the  process  is  materially  shortened. 

The  following  description  of  a  still  used  by  Schimmel  &, 
Co.  will  illustrate  the  use  of  steam,  both  for  distillation 
and  for  the  purpose  of  heating,  as  described  above.  The 
still  itself  is  a  tall,  conical  body,  A,  with  a  perforated  false 
bottom,  about  8  in.  from  its  true  bottom.    Upon  this  the 
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plants  are  placed,  and  immediately  underneath  steam  enters; 
by  a  pipe,  which  is  coiled  round  and  perforated  under  the 
false  bottom.  A  coil  of  pipes,  XX,  having  no  opening  inside 
the  still,  lines  the  whole  of  the  interior,  and  through  this 
steam  is  passed,  which  is  kept  at  any  required  pressure  and 
temperature.  In  the  middle  of  the  still  mechanical  stirrers- 
are  fixed,  which  materially  increase  the  rate  of  distillation 
by  continually  turning  over  the  whole  mass.  The  steam 
from  the  bottom  perforated  coil  traverses  the  whole  mass, 
and  carries  over  the  essential  oil  through  the  outlet  at  the 
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top  of  the  still,  and  is  condensed  in  the  ordinary  way  in  the 
condenser  B,  through  which  it  passes  to  a  series  of  separators- 
to  the  collecting  flask  C. 

A  further  advantage  is  obtained  especially  in  cases  where 
the  odour  of  the  oil  is  very  delicate  by  conducting  the  opera- 
tion under  a  greatly  reduced  pressure.  Not  only  can  the 
distillation  be  carried  on  at  a  lower  temperature,  but  it  is 
much  more  rapid,  and  the  quantity  of  water  condensed  is 
not  excessive.  The  only  disadvantage  arising  is  the  fact, 
that  a  certain  quantity  of  the  oil  may  be  lost  in  the  vapour 
not  condensed  in  the  receiver,  which  is  carried  away  by  the 
exhaust  pump.  However  in  practice  this  is  not  a  very  serious- 
matter.  Distillation  under  greatly  reduced  pressure  is  largely 
used  in  the  preparation  of  "  terpeneless  "  oils. 

Such  are  the  principles  of  the  processes  generally  employed 
in  the  distillation  of  essential  oils.  Some  details  will  be  given 
under  special  oils  when  treated  systematically,  when  points- 
of  interest  in  connection  with  their  preparation  arise. 

For  a  useful  historical  account  of  this  subject  the  reader 
should  consult  the  work  published  by  Messrs.  Schimmel  & 
Co.  edited  by  Gildemeister  and  Hoffmann. 

Extraction. 

All  those  processes  by  which  the  volatile  oil  is  obtained 
by  subjecting  the  plant  substance  to  contact  with  some 
substance  which  dissolves  the  oil,  and  from  which  it  may- 
be afterwards  recovered,  may  be  conveniently  grouped  under 
the  general  heading  of  "Extraction".  The  more  important 
of  these  are  the  following :  (1)  Extraction  by  means  of  a 
volatile  solvent,  which  can  afterwards  be  distilled  off  at  a 
low  temperature  from  the  oil ;  (2)  Extraction  by  means  of 
a  non-volatile  solvent,  from  which  the  oil  is  recovered  by 
dissolving  it  out  again  by  means  of  a  fresh  solvent  which  is- 
volatile,  and  does  not  dissolve  the  original  solvent.  The- 
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well-known  process  used  largely  in  France,  and  termed 
"  enfleurage,"  may  be  taken  as  a  type  of  this  process;  (3) 
Extraction  by  means  of  a  current  of  air. 

Extraction  with  a  Volatile  Solvent. — The  essential  oils 
are  in  general  freely  soluble  in  many  organic  liquids,  such  as 
•ether,  petroleum  ether,  chloroform,  carbon  disulphide,  methyl 
chloride,  etc.    The  process  consists  in  extracting  the  oil  by 
means  of  one  of  these  solvents  and  afterwards  distilling  off 
the  solvent,  leaving  the  oil  behind.    There  are  a  number  of 
•conditions  essential  to  the  successful  working  of  this  process. 
The  solvent  frequently  dissolves  much  resin,  colouring  matter, 
etc.,  so  that  it  is  impossible  to  use  the  process  of  extraction 
with  many  plants  without  a  further  process  of  rectification. 
Consequently  it  is  necessary  to  ensure  that  the  solvent  and 
the  plant  substance  are  so  adapted  that  practically  nothing 
but  the  oil  is  dissolved.    In  certain  cases  where  the  plant  is 
treated  in  an  out-of-the-way  place,  and  distilling  apparatus 
cannot  be  used,  the  plant  is  extracted  with  the  solvent,  and 
a  mixture  of  oil,  colouring  matter  and  resin  is  obtained.  On 
submitting  this  when  it  arrives  at  the  distillery  to  steam 
distillation,  the  oil  is  obtained  in  a  fairly  pure  condition. 
Again,  it  is  necessary  that  the  solvent  should  have  a  low 
boiling  point,  so  that  it  can  be  distilled  without  unduly  heat- 
ing the  oil,  and  without  any  of  the  oil  being  carried  over 
with  it.    The  following  solvents  are  applicable  to  numerous 
■cases : — 


Specific  Gravity.  Boiling  Point. 


•Carbon  bisulphide  CS2  . 
Alcohol  (ethyl)  C2H6OH  . 
Alcohol  (methyl)  CH.^OH 
Methyl  chloride  0H,C1  . 
■Chloroform  CHCL,  . 
Acetone  CO  .  (CH,)2 
Petroleum  ether 
Benzene  C6H8  . 


1-297  at  0°  47°  C. 

•789  at  20°  78°  C. 

•796  at  20°  66°  C. 


(gas  at  ordinary  temperatures)      -  24°  C. 


1-5008  at  15°  61°  C. 

•792  at  20°  56-5°  C. 

•626  to  -700 


Ether  (C2H5)20 


■899  at  0°  80-5°  C. 

•736  at  0°  35°  C. 
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The  simplest  process  of  extraction  is  merely  an  adaptation 
of  the  ordinary  method  of  percolation,  or,  with  a  view  to 
economise  the  solvent  used,  an  apparatus  on  the  principle  of 
the  ordinary  Soxhlet  tube  is  used.    The  chief  point  to  be  noted 
is  the  arrangement  of  the  apparatus  so  that  the  minimum, 
quantity  of  the  volatile  solvent  shall  be  lost.    Various  patents 
have  been  taken  out  in  respect  of  extraction  processes, 
amongst  them  being  several  involving  the  use  of  the  very- 
volatile  solvent  methyl  chloride.    One  of  these  is  well  illus- 
trated in  the  Pharmaceutical  Journal  [3],  xiv.,  p.  44.  Most, 
of  these  are  very  complicated  as  regards  the  arrangement  of 
vessels  and  pumps,  but  a  simple  process,  in  which  methyl  chlo- 
ride is  used,  is  described  by  Blogg  in  his  evidence  given  before 
the  Eoyal  Commission  of  Inquiry  into  the  vegetable  products 
of  Victoria.    A  jacketed  vacuum  still,  fitted  with  the  pump- 
and  condenser,  a  closed  macerating  vessel  and  a  receiver  are 
all  the  apparatus  necessary.    The  fresh  flowers,  for  it  is- 
nearly  always  fresh  flowers  that  are  treated  in  this  way, 
are  placed  in  the  macerating  vessel,  which  is  filled  up  with 
pure  methyl  chloride  and  kept  tightly  fastened  for  a  quarter 
of  an  hour.    The  liquid  is  then  rapidly  transferred  to  the 
vacuum  pan,  this  is  warmed  and  the  exhaust  pump  is  started.. 
The  solvent  is  rapidly  evaporated,  leaving  the  extracted  oil, 
etc.,  in  the  pan.    Great  care  must  be  exercised  to  see  that 
the  methyl  chloride  is  as  pure  as  possible.    Much  of  the 
commercial  product  is  manufactured  from  the  trimethylamine 
obtained  by  destructively  distilling  the  residues  obtained  from 
crystallisation  of  beet  sugar.    To  purify  it,  it  is  best  to  pass 
it  through  hydrochloric  acid,  and  then  to  dry  it  with  calcium 
chloride.    It  is  then  compressed  into  iron  cylinders,  when  it 
forms  a  mobile  liquid.    To  purify  oils  obtained  by  such 
processes  it  is  necessary  either  to  dissolve  them  out  with 
alcohol  from  the  wax,  etc.,  which  is  extracted  with  them 
from  the  plants,  or  to  purify  them  by  a  process  of  rectification 


94 


ESSENTIAL  OILS. 


•(distillation).  Extraction  with  a  solvent  in  the  cold  may  be 
accelerated  by  fixing  the  vessel  containing  the  solvent  at  a 
much  higher  level  than  the  percolator.  These  are  connected 
hy  a  vertical  pipe,  the  connections  being  made  perfectly  tight, 
with  the  result  that  the  pressure  of  the  liquid  on  the  substance 
to  be  extracted  is  greatly  increased,  and  the  process  is  thereby 
much  accelerated. 


Fig.  6. 


The  above  diagram  represents  a  simple  apparatus  for 
extraction  on  the  Soxhlet  principle.  The  flowers  to  be  ex- 
tracted are  placed  in  the  vessel  A,  immersed  in  a  tank  of 
cold  water,  and  the  solvent  is  placed  in  the  vessel  B,  im- 
mersed in  a  tank  of  warm  water.  When  the  connections 
have  been  made  all  the  taps  except  1  and  2  are  closed,  and 
the  water  in  the  tank  surrounding  B  is  heated  sufficiently  to 
make  the  solvent  boil.    This  passes  up  the  tube  0  and  enters 
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the  vessel  A,  where  it  condenses  and  penetrates  through  the 
mass  of  flowers,  finding  .its  way  back  to  B  through  the 
vertical  tube.  The  solvent  is  again  evaporated,  leaving  the 
•extracted  oil  in  B,  thus  making  the  process  continuous. 
When  exhaustion  is  complete,  taps  1  and  2  are  turned  off, 
■■and  tap  4  is  turned  on.  The  solvent  is  then  evaporated  and 
passes  through  this  tap  to  a  condenser,  and  finally  the 
residual  oil  is  run  off  through  the  lowest  tap.  Any  fresh 
supply  of  solvent  necessary  is  poured  into  B  through  the 
funnel  3. 

Extraction  with  a  Non-Volatile  Solvent. — The  processes 
known  as  maceration  and  enfleurage  are  types  of  this  method. 
'The  former  is  used  in  certain  parts  of  France  in  the  following 
manner.    A  quantity  of  a  pure  neutral  fat  such  as  olive 
oil  or  lard  is  placed  in  a  pan  heated  by  a  water  bath. 
The  freshly  gathered  flowers  are  thrown  in  and  left  there 
twelve    to  forty-eight  hours,   as  the  case  may  be.  The 
whole  is  frequently  stirred.     When  the  odour  is  entirely 
gone   from  the  flowers,   the  fat  is  strained  off  into  a 
fresh  pan,  and  another  lot  of  fresh  flowers  is  thrown  in. 
This  operation  is  repeated  a  dozen  or  more  times,  until  the 
pomade,  as  it  is  called,  usually  having  a  fine  solid  fat  such  as 
pure  lard  for  its  basis,  is  sufficiently  strong.    It  is  found 
that  the  odour  is  invariably  the  most  delicate  when  the 
flowers  have  remained  for  the  shortest  time  in  contact  with 
the  fat.    Various  devices  are  employed  in  order  to  reduce 
the  time  of  maceration,  amongst  which  one  deserves  especial 
notice.     This  consists  of   a  reservoir,  containing   the  fat 
heated  to  about  65°  or  70°  C,  from  which  it  flows  in  a  slow 
stream  through  the  macerating  chamber,  a  long  tank  in 
which  wire  cages  of  flowers  are  suspended  in  open  com- 
partments.    Every  now  and  then  the  basket  nearest  the 
oil  reservoir  is  emptied  and  taken  out,  and  all  the  other 
baskets  moved  on  one  compartment,  a  fresh  basket  of 
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flowers  being  added  at  the  other  end.  A  constant  movement 
of  the  oil  and  the  flowers  in  opposite  directions  is  thus 
ensured,  and  the  time  of  maceration  is  materially  reduced- 
The  oily  solution  has  then  to  be  treated  in  order  to  obtain 
the  perfume  from  it.  If  olive  oil  has  been  used,  it  is  well 
shaken  repeatedly  with  pure  alcohol,  which  after  a  time 
dissolves  out  nearly  all  the  volatile  oil,  from  which  it  can 
either  be  separated  by  careful  distillation,  or  it  can  be  used 
directly  as  a  perfume.  If  a  solid  fat  such  as  lard  has  been 
used,  it  is  necessary  to  cut  it  up  into  very  small  pieces,  or 
mechanically  divide  it  in  some  other  way,  in  order  to  expose 
the  largest  possible  surface  to  the  action  of  the  alcohoL 
The  French  process  of  enfleurage  is  used  in  those  cases 
where  the  flowers  possess  so  delicate  an  odour  that  the  oil 
would  be  damaged  by  the  application  of  heat.  The  process 
is  tedious  and  expensive,  and  the  yield  from  the  flowers  is 
always  small.  Hence  the  high  price  of  perfumes  obtained 
by  this  process.  A  series  of  rectangular  wooden  frames, 
about  2  ft.  x  3  ft.,  with  a  square  of  strong  glass  fitting  in 
their  inner  rims,  known  as  "chassis,"  are  laid  one  upon 
another  to  form  a  pile.  On  each  is  spread  a  very  thin  layer 
of  pure  neutral  fat.  About  six  to  eight  ounces  are  used  for 
each  frame.  The  fresh  flowers  are  then  spread  upon  these 
and  allowed  to  remain  for  a  period  of  from  a  half  to  three 
days.  When  the  flowers  have  lost  their  odour,  fresh  ones- 
are  spread  out  in  their  place,  until  the  fat  acquires  a  very 
strong  odour.  Chassis  ct  huile  are  frames  provided  with 
wire  netting  on  which  cotton  or  linen  cloth  soaked  in  olive 
oil  is  spread.  The  whole  process,  until  the  fat  or  oil  is 
saturated  with  the  odorous  oil  as  far  as  is  desired,  takes  two 
to  three  months.  The  fat  is  then  removed  from  the  glass, 
or  the  oil  pressed  from  the  cloths  by  a  hydraulic  press,  and 
can  either  be  used  as  pomades,  or  can  be  treated  with  alcohol 
to  extract  the  perfume.    Of  late  years  very  highly  purified 
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hydrocarbon  jellies  have  been  used,  to  some  extent,  for  en- 
fleurage,  with  some  success. 

The  process  of  absorption  can  be  carried  out  more  rapidly 
by  arranging  a  series  of  chassis  so  that  air  can  be  drawn 
through  the  apparatus,  to  pass  successively  over  all  the 
plates.  The  flowers  are  then  not  placed  on  the  fat  at  all, 
but  in  a  separate  vessel  connected  by  a  pipe  to  the  box 
containing  the  chassis.  Air  is  then  drawn  through  the 
flowers,  and  over  the  layers  of  fat,  which  absorb  practically 
the  whole  of  the  perfume,  without  ever  coming  into  actual 
contact  with  the  flowers.  One  great  advantage  of  this 
process  is  that  the  fat  is  less  liable  to  become  rancid  than 
it  is  when  placed  in  contact  with  the  fresh  flowers.  A 
current  of  carbonic  acid  gas  is  sometimes  used,  in  order  to 
prevent  the  possibility  of  oxidation  by  means  of  the  air. 

A  current  of  hot  air  is  sometimes  used  to  extract  the 
perfume  from  flowers  which  are  not  too  delicate  to  stand 
the  treatment.  But  as  the  hot  air  rapidly  dries  up  the 
plant,  and  hinders  it  yielding  up  the  remainder  of  its  volatile 
oil,  it  is  necessary  to  ensure  the  air  being  saturated  with 
moisture  before  it  reaches  the  flowers.  This  is  best  effected 
by  allowing  it  first  to  pass  through  a  series  of  wet  sponges. 
The  air,  after  passing  over  the  flowers,  passes  through  a  flask 
containing  carbon  bisulphide,  or  some  other  solvent  with  a, 
low  boiling  point,  which  absorbs  the  oil  from  the  air,  and.- 
from  which  it  is  easily  recovered. 

The  following  table,  giving  the  average  yield  obtained 
from  the  most  common  of  the  essential  oils,  is  based  on 
the  statements  of  Messrs.  Schimmel  &  Co.,  Leipzig. 
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Ajowan  (seed) 
Allium  (plant) 
Angelica  (fruit) 

—  (herb)  .  . 
Angostura  (bark) 
Anise  fruit,  Chili 

 Italian . 

 Mexican 

 Prussian 

 Russian 

 Spanish 

 Syrian . 

 Thuringian 

Arnica  (flowers) 

—  (root)    .  . 
Asafcetida  (resin 
Bay  (leaves)  . 
Bergarnot  (peel) 
Bitter  almonds 
Buchu  (leaves) 
Calamus  (herb) 
Camphor  (leaves 

—  (wood)  .  . 
Canella  (bark) 
Caraway  (fruit) 
Cardamoms  (fruit) 
Cascarilla  (bark) 
Cassia  (leaves) 

—  (buds)  .  . 

—  (flower  stalks) 

—  (bark)  .  . 

—  (twigs)  .  . 
Cedar  (wood)  , 
Celery  (herb) . 

—  (fruit)  . 
Chamomile  (flowers 

—  German 

—  Roman . 
Cinnamon  (bark) 

—  (leaves) 
Citron  (peel)  . 
Citronella  (grass) 
Clove  (buds)  .  . 
Copaiba  (balsam) 
Coriander  (fruit) 
Cubeb  (fruit)  .  . 
Culilaban  (fruit) 
Cumin  (fruit) 
Damiana  (leaves) 
Dill  (fruit)     .  • 
Dittany  (herb)  . 
Eucalyptus  (leaves) 

—  amygdalina 

—  citriodora  . 

—  dealbata  . 

—  globulus  . 

—  odorata 


3  to  4 
•007 
1  to  1-2 
•02 

1-  5 

1-  9  to  2-6 

2-  7  to  3-5 

1-  9  to  2-1 

2-  4 

2-  4  to  3-2 

3 

1-  5  to  6 

2-4 
•04  to  -07 
•5  to  1 

3-  3  to  3-7 

2-  3  to  2'5 
variable 

•5  to  1 

1  to  2 
•2 

1-85 
4 

•7  to  1 
3  to  7 

2  to  8 

1-  5  to  3 

•54 
1-9 
1-7 
1-2 
•2 

2-  5  to  4-5 

•1 

2-  5  to  3 

•1  to  -3 
•8  to  1 
•5  to  1 

1-8 
variable 
variable 
15  to  18 
40  to  80 
•2  to  1 
10  to  18 

3-  5  to  4 
2-5  to  4 

•9  to  1 
2  to  4 
•7 

3-3 
1  to  4 
2-7 
•8  to  3 
1-4 


Eucalyptus  oleosa 

■  staigeriana  . 
Fennel  (fruit) 
Galbanum  (resin) 
Geranium  (he,rb) 
Ginger  (rhizome) 
Hop  (flowers) .  . 
Hyssop  (herb)  . 
Jaborandi  (leaves) 
Juniper  (berry)  . 
Lavender  (flowers) 
Lemon  (peel) .  . 
Linaloe  (wood)  . 

—  Guiana     .  . 

—  Mexico 
Lovage  (herb) 

—  (fruit)   .    .  . 

—  (root)    .    .  . 
Mace  (arillus) 
Mandarin  (peel) . 
Marjoram  (herb) 
Matico  (leaves)  . 

—  (leaves  and  flowers) 
Mignonette  (flowers) 
Mint  (arvensis)  . 
Mustard  (seeds)  . 
Neroli  (flowers)  . 
Nigella  (seeds)  . 
Nutmeg  (fruit)  . 
Onion  (herb  and  bulb) 
Orange  (peel) 
Origanum  (herb) 
Parsley  (fruit)  . 
Patchouli  (leaves) 
Pennyroyal  (leaves) 
Pepper  (fruit) 
Peppermint  (herb) 
Pine  (needles) 
Rose  (flowers) 
Sage  (leaves)  .  . 
Sandalwood  .  . 
Sassafras  (root  bark) 
Savin  (twigs)  .  . 
Spearmint  (herb) 
Spike  (herb)  .  . 
Staranise  (fruit)  . 
Storax  (balsam)  . 
Tansy  (herb)  .  . 
Thuja  (leaves)  . 
Thyme  (herb)  . 
Turpentine  (French) 
Valerian  (root)  . 
Veti-vert  (root)  . 
Wintergreen  (true) 
—  (sweet  birch) . 
Wormseed  (fruit) 
Ylang-Ylang  (flowers) 


1*25 
2.5  to  3-7 

1  to  6 
14  to  22 

•18 

2  to  3 
•3  to  1 
•3  to  9 

•4 

•6  to  1-5 
variable 
variable 

1 

7  to  9 
•1  to  -2 

1  to  2 
•3  to  1 

4  to  15 
variable 
•3  to  -9 

1  to  3-5 
3-5  to  5-5 

•002 
•22 
variable 
•1 
•5 

8  to  15 
•004 
variable 

2  to  3 
to  6 
to  4 
3 

to  2 
to  1-5 
to  -8 
■02 

to  2-5 
to  5 
to  8 
to  5 
•3 

variable 
5 

•4  to  1 
•1  to  -3 
•5 

•3  to  2-6 

16 
•5  to  1 
•4  to  -9 

•75 

•6 
1 

very  small 


2 
•5 

1 
•1 
•1 

•5 
•6 
7 
4 


CHAPTEE  IV. 


THE  ANALYSIS  OP  ESSENTIAL  OILS. 

In  general,  the  analysis  of  essential  oils  merely  involves  the 
application  of  the  ordinary  principles  of  analytical  chemistry 
to  this  special  group  of  bodies,  which  possess  many  features 
in  common.  Of  course  many  special  processes  have  to  be 
used  in  certain  cases,  to  which  attention  will  be  drawn  where 
necessary.  The  present  chapter  will  be  devoted  to  the  details 
of  a  few  methods  which  are  in  very  common  use  in  the 
analysis  of  these  bodies,  and  which  are  absolutely  necessary 
in  order  to  form  an  opinion  on  the  purity  of  very  many  oils. 
Particular  processes  will  be  mentioned  as  required.  These 
remarks  may  be  prefaced  by  saying  that  the  obtaining  of  the 
results  of  an  analysis  is  not  always  as  difficult  a  matter  as 
the  interpretation  of  the  same  when  obtained. 

Specific  Gravity. 
The  first  thing  to  be  done  in  examining  an  essential  oil 
is  to  determine  its  specific  gravity.  For  this  purpose  hydro- 
meters are  useless.  Approximate  accuracy  is  useless  in  this 
work,  and  hydrometers  are  only  capable  of  yielding  approxi- 
mate results.  Besides,  one  frequently  has  far  too  little  oil  at 
one  s  disposal  to  use  a  hydrometer.  For  ordinary  work  a 
specific  gravity  bottle  is  generally  used,  holding  either  25  or  50 
c.c  There  are  two  points  to  be  noted  in  connection  with  this 
The  graduated  bottles  sent  out  by  apparatus  firms  seldom  con- 
tain the  exact  quantity  they  are  supposed  to  do.  It  is  therefore 
advisable  to  check  the  contents  of  the  bottle,  and  to  use 
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the  necessary  correction  when  calculating  a  specific  gravity. 
Secondly,  the  counterpoise  of  a  50  c.c.  bottle  should  be  about 
60  milligrammes  less  than  its  apparent  weight  when  empty 
on  account  of  the  air  contained  in  the  bottle.  A  consideration 
of  the  laws  of  hydrostatic  pressure  will  show  that  if  this 
be  not  so  the  specific  gravity  as  determined  will  be  the 
ratio 

weight  of  oil  -  "06  gramme 
weight  of  water  -  *06  gramme 
instead  of  the  correct  ratio 

weight  of  oil 
weight  of  water 
This  correction  of  -06  gramme  is  not  absolutely  accurate,  but 
is  sufficiently  so  for  all  practical  purposes  and  may  be  omitted 
in  most  cases. 

It  is  essential  that  great  care  should  be  taken  that  the 
temperature  be  accurately  determined  when  taking  the  specific 
gravity.  The  bottle  filled  with  oil  takes  some  time  to  assume 
the  exact  temperature  of  the  water  in  which  it  is  immersed, 
especially  if  these  differ  much  at  first.  Hence  it  is  always 
advisable  not  to  depend  only  on  an  observation  of  the  tempera- 
ture of  the  water,  but  to  use  a  very  small  bulbed  thermometer, 
with  which  the  actual  temperature  of  the  oil  itself  in  the 
bottle  can  be  taken.  Specific  gravities  are  usually  expressed 
as  the  ratio  of  the  weight  of  a  volume  of  the  oil  to  that  of  an 
equal  volume  of  water,  both  at  60°  F.,  or  approximately  15-5°  C. 

This  is  written  Any  variation  in  temperature  can 

thus  easily  be  expressed.  For  example,  the  specific  gravity  of, 
say,  otto  of  roses  at  30°,  as  given  in  the  British  Pharmacopoeia, 

is  intended  to  be  interpreted  as  ^°°0)  that  is,  with  the  water 

to  which  it  is  compared  at  15'5°.     Wherever  the  specific 
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gravity  of  an  oil  is  referred  to  in  this  work,  it  is  to  be  under- 
stood  as  referring  to  ^5-5"'  exceP^  when  otherwise  quoted. 

Frequently  one  has  less  than  50,  and  sometimes  even  less 
than  10  c.c.  of  an  oil  at  one's  disposal.  The  specific  gravity 
should  then  be  determined  in  a  Sprengel  tube.  The  following 
diagram  shows  the  most  convenient  form  of  tube  for  general  use. 
With  a  very  small  knowledge  of  glass-blowing  they  can  be 
made  in  five  minutes  out  of  a  few  inches  of  glass  tubing. 
The  only  important  point  is  to  choose  a  piece  of  thick  walled 
tubing,  otherwise  it  is  impossible  to  draw  out  satisfactory 
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Fig.  7. 


capillaries.  The  oil  should  be  sucked  into  the  tube  through 
the  opening,  B,  by  means  of  a  small  india-rubber  tube  fixed 
on  to  the  end,  A,  up  to  the  small  glass  bulb,  C.  The  tube  is 
then  placed  in  a  beaker  of  water  at  the  desired  temperature, 
the  bent  arms  serving  to  support  it  on  the  side  of  the  beaker. 
Owing  to  its  small  content,  from  2  to  5  c.c,  it  very  rapidly 
acquires  the  temperature  of  the  water,  and  by  gently  tilting 
the  end,  A,  upwards,  the  oil  runs  out  at  B  until  it  just  reaches 
the  graduation  mark,  D.  Taking  care  to  wipe  off  the  last 
drop  of  oil  exuding  at  B,  the  tube  is  again  levelled,  when  the 
liquid  flows  back  into  the  bulb,  so  obviating  any  possibility 
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of  loss.  It  is  then  carefully  wiped  and  suspended  by  a  copper 
wire  loop  to  the  hook  on  the  balance  and  weighed,  and  the 
specific  gravity  calculated  from  the  weight  of  the  oil  and  the 
weight  of  the  corresponding  volume  of  water.  The  accuracy 
of  these  tubes  depends  on  the  fineness  of  the  capillaries  and 
the  rapidity  with  which  their  contents  assume  the  exact 
temperature  of  the  water  in  which  the  tube  is  immersed. 

optical  methods. 
1.  Eefraction. 

The  author  and  several  other  chemists  have  for  some 
years  past  persistently  advocated  the  use  of  the  refractometer 
in  the  examination  of  essential  oils.  Although  this  deter- 
mination was  regarded  as  of  little  use  by  many  chemists,  it 
is  now  generally  recognised  that  it  is  indispensable.  But 
its  value  is  only  to  be  properly  estimated  by  a  very  careful 
consideration  of  the  results  obtained. 

The  refractive  index  of  a  given  sample  of  oil  is  in  most 
cases  of  very  little  value  in  indicating  adulteration.  There 
are  certain  well-recognised  exceptions,  where  the  oil  and  the 
adulterant  have  refractive  indices  which  vary  very  widely. 
Such,  for  example,  is  the  case  with  otto  of  roses  and  geraniol, 
or  aniseed  oil  and  petroleum.  But  the  chief  value  of  this 
determination  lies  in  a  careful  examination  of  the  various 
fractions  obtained  when  an  oil  is  distilled  in  vacuo.  Here 
a  consideration  of  the  boiling  points,  specific  gravity,  optical 
rotation  and  refractive  index  of  the  various  fractions  will 
lead  to  most  important  indications.  For  example,  an  oil 
of  peppermint  adulterated  with,  on  the  one  hand,  a  small 
quantity  of  copaiba  or  cedar-wood  oil,  and,  on  the  other  hand, 
with  a  small  quantity  of  glyceryl  acetate,  would  give  a 
refractive  index  not  much  different  from  that  of  the  genuine 
oil.  But  when  distilled  in  vacuo  and  the  residues  or  high 
boiling  fractions  examined,  the  high  index  in  the  one  case 
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would  at  once  suggest  the  presence  of  sesquiterpene  bodies, 
whilst  in  the  other  case  the  very  low  index  would  indicate 
bodies  belonging  to  the  open-chain  series. 

Experience  alone  will  enable  one  to  make  the  best  use 
of  these  indications,  but  it  is  important  that  as  many  figures 
should  be  available  as  possible.  The  following  table  embraces 
the  results  obtained  on  a  very  large  number  of  samples  of 
authentic  origin,  and  were  all  determined  with  either  a 
Zeiss  refractometer  or  a  Pulfrich  instrument.  Of  these  the 
Pulfrich  instrument  is  the  more  elaborate,  but  the  Zeiss  Abbe 
refractometer,  which  is  illustrated  below,  is  the  most  useful 
instrument  for  ordinary  work.  Its  great  advantage  lies  in 
the  fact  that  it  requires  only  a  few  drops  of  fluid  for  a  de- 
termination, and  gives  results  which  are  accurate  to  one  or  two 
points  in  the  fourth  place  of  decimals.  The  author  has  made 
a  very  large  number  of  determinations  with  it,  and  finds  it 
to  be  absolutely  reliable.  Eefractive  indices  between  1*3  and 
1'7  can  be  determined  by  it,  which  figures  cover  the  range 
found  in  essential  oils.  The  following  is  the  method  of  using 
this  instrument  : — 

The  method  of  measurement  is  based  upon  the  observa- 
tion of  the  position  of  the  border  line  of  the  total  reflection 
in  relation  to  the  faces  of  a  prism  of  flint-glass,  into  which 
the  light  from  the  substance  under  investigation  enters  by 
the  action  of  refraction. 

The  refractometer  is  mainly  composed  of  the  following 
parts  : — 

1.  The  double  Abbe  prism,  which  contains  the  fluid  and. 
can  be  rotated  on  a  horizontal  axis  by  means  of  an  alidade. 

2.  A  telescope  for  observing  the  border  line  of  the  total 
reflection  which  is  formed  in  the  prism. 

A  sector  rigidly  connected  with  the  telescope,  on  which 
divisions  (representing  refractive  indices)  are  engraved. 

The  double  prism  consists  of  two  similar  prisms  of  flint- 
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glass,  each  cemented  into  a  metal  mount  and  having  a  re- 
fractive index  nd  =175;  the  fluid  to  be  investigated  (a  few 
drops)  is  deposited  between  the  two  adjoining  inner  faces  of 
the  prisms  in  the  form  of  a  thin  stratum  (about  015  mm. 


Fig.  8. 


The  daylight  which  falls  upon  the  mirror  passes  through  the  double  prism 
closed  for  the  purpose  of  measurement,  into  the  telescope ;  the  arrows 
indicate  the  direction  of  the  circulation  of  hot  water  round  the  prisms 
to  retain  a  constant  temperature.  The  magnifier  is  fitted  with  a  reflector, 
not  shown  in  the  figure. 

thick).  The  former  of  the  two  prisms,  that  farther  from 
the  telescope  (which  can  be  folded  up  or  be  removed),  serves 
solely  for  the  purpose  of  illumination,  while  the  border  line 
is  formed  in  the  second  flint  prism. 
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The  border  line  is  brought  within  the  field  of  the  telescope 
hy  rotating  the  double  prism  by  means  of  the  alidade  in  the 
following  manner.  Holding  the  sector,  the  alidade  is  moved 
from  the  initial  position,  at  which  the  index  points  to  nj  = 
1-3,  in  the  ascending  scale  of  the  refractive  indices  until  the 
originally  entirely  illuminated  field  of  view  is  encroached 
upon,  from  the  direction  of  its  lower  half,  by  a  dark  portion  ; 
the  line  dividing  the  bright  and  the  dark  half  of  the  field  then 
is  the  "  border  line  ".  When  daylight  or  lamp  light  is  being 
employed,  the  border  line,  owing  to  the  total  reflection  and 
the  refraction  caused  by  the  second  prism,  assumes  at  first 
the  appearance  of  a  band  of  colour,  which  is  quite  unsuitable 
for  any  exact  process  of  adjustment.  The  conversion  of  this 
band  of  colour  into  a  colourless  line,  sharply  dividing  the 
bright  and  dark  portions  of  the  field,  is  effected  by  a  com- 
pensator. 

The  compensator,  which  finds  its  place  in  the  prolongation 
of  the  telescope  tube  beyond  the  objective,  i.e.,  at  a  point 
between  the  objective  and  the  double  prism,  consists  of  two 
similar  Amici  prisms,  of  direct  vision  for  the  D-line  and 
rotated  simultaneously,  though  in  opposite  directions,  round 
the  axis  of  the  telescope  by  means  of  the  screw  head.  In 
this  process  of  rotation  the  dispersion  of  the  compensator 
passes  through  every  value  from  zero  (when  the  refracting 
edges  of  the  two  Amici  prisms  are  parallel  and  on  different 
sides  of  the  optical  axis)  up  to  double  the  amount  of  the 
dispersion  of  a  single  Amici  prism  (the  refracting  edges  being 
parallel  and  on  the  same  side  of  the  axis).  The  above- 
mentioned  dispersion  of  the  border  line,  which  appears  in  the 
telescope  as  a  band  of  colour,  can  thus  be  rendered  innocuous 
by  rotating  the  screw  head,  thereby  giving  the  compensator 
an  equal,  but  opposite,  dispersion.  The  opposite  equal  dis- 
persions will  then  neutralise  each  other,  with  the  result  that 
the  border  line  appears  colourless  and  sharply  defined. 
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The  border  line  is  now  adjusted  upon  the  point  of  inter- 
section of  the  crossed  lines  by  slightly  inclining  the  double 
prism  to  the  telescope  by  means  of  the  alidade.  The  position 
of  the  pointer  on  the  graduation  of  the  sector  is  then  read 
off  by  the  aid  of  the  magnifier  attached  to  the  alidade.  The 
reading  supplies  the  refractive  index  na  of  the  substance 
under  investigation  itself,  without  any  calculation. 

As  the  refractive  index  of  fluids  varies  with  their  tem- 
perature, it  is  of  importance  to  know  the  temperature  of  the 
fluid  contained  in  the  double  prism  during  the  process  of 
measurement. 

If,  therefore,  it  be  desired  to  measure  a  fluid  with  the 
highest  degree  of  accuracy  attainable  (to  within  1  or  2  units 
of  the  fourth  decimal  of  na)  it  is  absolutely  necessary  to 
the  fluid,  or  rather  the  double  prism  containing  it,  to  a 
definite  known  temperature  and  to  keep  it  constant. 

Table  of  Eefeactive  Indices.    (For  the  D-linb 

at  20°  C.) 


Almonds  (bitter) 

Anethol 

Aniseed 

Bergamot 

Cajuput 

Camphor  oil  (light) 

Copaiba 

Dill 

Cardamoms 

Caraway 

Cloves 

Cassia 

Cinnamon 

Citronella  (Ceylon) 

„  (Java) 
Cubebs 

Eucalyptus  globulus 
Geranium  (French) 
,,       (so  called, 
Indian) 
Juniper 
Lavender 


1-5500  to  1-5570 

1-5600 
1-5530  to  1-5580 
1-464  to  1-4690 
1-4620  to  1-4685 
1  4600  to  1-4710 
1  500  to  1-5100 
1-4800  to  1  4900 
1-4600  to  1-4680 
1-4870  to  1-4975 
1-5300  to  1-5360 
1-5320  to  1-5990 
1-5650  to  1-5770 
1-4800  to  1-4950 
1-4650  to  1-4675 
1-4880  to  1-4960 
1-4620  to  1-4650 
1-4600  to  1-4680 

1-4850  to  1-4920 
1-4710  to  1-4785 
1-4625  to  1-4675 


Lemongrass  (East 

Indian) 
Lemongrass  (West 

Indian) 
Lemon  oil 
Neroli  oil 
Orange  oil 
Petit-grain  oil 
Peppermint  oil 
Pimento  oil 
Pennyroyal  oil 
Rose  oil  (otto)  at  25° 
Rosemary  oil 
Rue  oil 
Santal  oil 

Santal  oil  (so  called, 

West  Indian) 
Sassafras  oil 
Spike  lavender  oil 
Thyme  oil 
Turpentine  oil 
Ylang-Ylang  oil 
Wintergreen  oil 


1-4800  to  1-4850 

1-4800  to  1-4900 
1-4735  to  1-4765 
1-4720  to  1-4760 
1-4710  to  1-4755 
1-4620  to  1-4640 
1-4620  to  1-4730 
1-5100  to  1-5330 
1-4800  to  1-4825 
1-4580  to  1-4645 
1-4660  to  1-4710 
1-4350  to  1  4400 
1-5000  to  1-5080 

1-50S0  to  1-5120 
1-5250  to  1-5350 
1-4650  to  1-4680 
1-4850  to  1-4950 
1-4700  to  1-4750 
1-4930  to  1-49G5 
1-5310  to  1-5380 


The  above  determinations  have  in  nearly  every  case  been 
made  by  the  author,  in  some  cases  by  C.  T.  Bennett,  and 
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cover  a  very  large  number  of  samples.  Figures  for  the  less 
common  oils  are  not  given  as  there  is  at  present  an  insufficiency 
of  reliable  data.  It  is  to  be  remembered  that  oils,  after  keep- 
ing for  a  certain  time,  commence  to  oxidise,  and  their  refractive 
index  increases.  The  refractive  index  of  most  of  the  well- 
defined  constituents  of  the  more  commonly  occurring  oils 
should  be  looked  for  under  the  respective  compounds. 

2.  POLARIMETRY. 

The  polarimeter  is  an  instrument  with  which  the  essential 
oil  chemist  cannot  possibly  dispense.  The  hypothesis,  first 
seriously  enunciated  by  Le  Bel  and  van  t'Hoff,  that  sub- 
stances which  contained  an  asymmetric  carbon  atom  (i.e., 
a  carbon  atom  directly  united  to  four  different  atoms  or 
radicles)  were  capable  of  rotating  the  plane  of  polarisation 
of  a  beam  of  polarised  light,  has  now  become  a  fundamental 
theory  of  organic  chemistry.  The  majority  of  essential  oils 
contain  one  or  more  components  containing  such  a  carbon 
atom,  and  so  possess  the  power  of  effecting  this  rotation.  In 
general,  the  extent  to  which  a  given  oil  can  produce  this 
effect  is  fairly  constant,  so  that  it  can  be  used,  within  limits,, 
as  a  criterion  of  the  purity  or  otherwise  of  the  oil. 

Without  discussing  the  theories  of  the  polarisation  of 
light  it  will  be  desirable  to  briefly  illustrate  the  fundamental 
principles  upon  which  their  application  depends.  Ordinary 
light  consists  of  transverse  vibrations  in  numerous  planes 
in  which  is  no  polarity  or  two-sidedness,  if  the  expression  is 
justifiable  ;  whilst  plane  polarised  light  consists  of  vibrations 
in  one  plane  only.  This  may  be  roughly  illustrated  in  the 
following  manner.  If  a  string,  fixed  at  its  ends,  be  plucked 
it  will  vibrate  in  a  certain  plane  dependent  on  the  direction 
of  the  plucking.  If  the  string  be  passed  through  a  slit,  just 
•  wider  than  it  is  itself,  in  a  piece  of  cardboard,  so  that  the 
slit  is  in  the  direction  of  the  vibrations,  these  will  not  be 
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interfered  with ;  but  if  the  slit  be  turned  round,  the  vibra- 
tions will  be  interfered  with,  and  when  it  is  at  right  angles  to 
the  direction  of  the  vibrations,  they  will  be  totally  suppressed. 
Light  waves  (for  convenience,  the  expression,  a  ray  of  light, 
is  more  general)  may  be  plane  polarised  in  several  ways,  so 
that  the  vibrations  in  the  one  plane  may  be  similarly  interfered 
with,  and  upon  this  depends  the  use  of  the  polarimeter. 
'This  instrument,  of  which  the  theory  is  described  a  little 
more  fully  in  the  footnote,1  is  constructed  on  several  different 

1  The  theory  of  the  half-shadow  polarimeter  is,  briefly,  as  follows.  The 
light,  of  approximately  constant  refrangibility,  falls  on  the  polarising  Nicol's 
prism,  which  is  a  rhomb  of  calc-spar  cut  obliquely  by  a  plane  perpendicular 
to  the  principal  section.  The  cut  faces  are  polished  and  cemented  together 
again  by  a  thin  film  of  Canada  balsam.  Calc-spar  is  a  doubly  refracting 
substance,  and  in  the  ordinary  way  the  incident  ray  is  divided  by  the  spar 
into  two  rays,  the  ordinary  and  the  extraordinary,  the  former  following  the 
ordinary  laws  of  refraction,  the  latter  behaving  abnormally.  Two  rays,  then, 
will  be  found  to  emerge.  But  the  refractive  index  of  the  balsam  is  greater 
than  that  of  the  spar  for  the  extraordinary  ray,  and  less  than  that  for  the 
ordinary  ray,  both  of  which  are  plane  polarised.  According  to  the  usual 
laws  of  refraction,  total  reflection  can  only  occur  in  passing  from  a  more  to 
a  less  refracting  medium.  Hence  the  extraordinary  ray  will  always  be 
transmitted,  but  by  arranging  the  angle  of  incidence  properly  the  ordinary 
ray  can  be  totally  reflected.  Hence  only  the  extraordinary  ray  now  falls  on 
to  the  Laurent  plate,  and  it  is  in  a  plane  polarised  condition.  This  plate  is 
made  of  quartz  or  gypsum  over  one-half  of  the  field,  and  plain  glass  over  the 
other.  It  is  a  doubly  refracting  substance  and  refracts  the  incident  ray  as 
ordinary  and  extraordinary  rays.  The  thickness  is  so  adjusted  that  it 
introduces  a  retardation  of  £  A.  (where  A  is  the  wave  length  of  the  light  used) 
between  the  two  rays.  Consequently,  the  light  emerges  plane  polarised  from 
the  crystalline  plate,  but  the  planes  of  polarisation  of  the  rays  emerging 
from  the  two  halves  will  be  inclined  at  an  angle  2  a,  if  a  is  the  inclination  of 
the  incident  single  polarised  ray  to  the  optical  axis  of  the  quartz.  Hence 
when  this  plate,  with  its  two  polarised  rays,  is  viewed  through  the  analysing 
Nicol,  the  two  halves  will  be  in  general  unequally  illuminated,  except  when 
the  principal  plane  of  the  Nicol  be  parallel  to  the  optical  axis  of  the 
crystalline  plate.  In  this  position  we  have  the  zero  point  of  the  instrument. 
The  insertion  of  an  optically  active  liquid  destroys  this  condition  by  rotating 
the  plane  of  polarisation,  and  the  angle  through  which  it  is  necessary  to 
rotate  the  analyser  in  order  to  restore  the  "equal  shadows"  measures  the 
rotation  of  the  plane  of  polarisation. 

Another  simple  instrument  known  as  the  Diquartz  polariser  depends  on 
a  rather  different  principle.     Here  two  semicircular  plates  of  quartz  are 
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principles,  of  which  by  far  the  most  useful  for  all  general: 
purposes  is  the  Laurent  half-shadow  instrument.  In  the 
annexed  diagram,  A  is  a  small  telescope,  B  is  a  magnifying 
glass  used  to  read  the  graduation  on  the  dial  and  vernier, 
C  is  one  of  the  verniers,  D  is  a  dial  graduated  to  half  degrees, 
B  is  the  analysing  Nicol's  prism  (a  specially  prepared  prism 
of  calc-spar,  capable  of  polarising  light)  which  is  fixed  to  the 
graduated  dial  and  telescope,  F  is  the  groove  in  which 
tubes  containing  the  liquids  to  be  examined  are  inserted,. 
H  is  a  pointer  attached  to  the  polarising  Nicol's  prism,. 
G  is  the  fixed  Laurent  plate  (vide  infra),  and  J  is  a  plate 
of  bichromate  of  potassium. 

This  apparatus  can  only  be  used  with  sodium  light,  as  for 
quantitative  results  light  of  definite  refrangibility  must  be 
used.  A  Bunsen  lamp  of  convenient  construction,  into  the 
flame  of  which  a  little  common  salt  can  be  introduced  on  a. 
platinum  wire,  is  placed  about  4  or  5  inches  from  the  end 
J.    The  light  is  further  sifted  by  means  of  the  bichromate 

placed  in  juxtaposition,  each  cut  at  right  angles  to  its  axis,  one  possessing 
dextro-  and  the  other  Z«e«o-rotatory  power.  The  two  plates  are  of  the  same 
thickness,  and  produce  equal  rotations  in  opposite  directions.  The  incident 
light  in  this  case  is  white,  and  the  lights  of  different  refrangibilities  are 
rotated  through  different  angles.  Hence  when  viewed  by  an  analysing 
Nicol,  waves  of  different  refrangibilities  will  be  quenched  in  the  two  halves,, 
and  they  will  in  general  appear  of  different  colours.  When  the  principal 
plane  of  the  analyser,  however,  is  parallel  to  the  direction  of  the  incident 
vibrations,  the  two  halves  will  always  be  of  the  same  colour,  dependent 
on  the  complementary  colours  which  are  quenched.  By  suitably  adjusting, 
the  thickness  of  the  plate,  the  brilliant  yellow  may  be  quenched,  and  the 
delicate  gray-violet  tint,  known  as  the  tint  of  passage  (Biot's  teinte  sensible),. 
appears  when  both  halves  have  the  same  colour.  This  point,  the  zero  point 
of  the  apparatus,  is  easily  fixed,  for  ,the  slightest  rotation  to  the  right  or 
left  renders  one-half  of  the  field  blue  and  the  other  red.  Having  set  the 
instrument,  it  is  found  that  when  an  optically  active  substance  is  introduced, 
the  tint  of  passage  disappears,  and  the  analyser  must  be  rotated  in  order  to 
restore  it,  according  to  the  optical  activity  of  the  substance. 

To  most  observers  it  is  easier  to  obtain  equal  illumination  in  the  two 
halves  of  the  field  than  to  correctly  obtain  the  tint  of  passage,  hence  the- 
popularity  of  the  former  apparatus. 
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plate,  so  that  light  approximately  corresponding  to  the  D  line 
of  the  spectrum  falls  on  to  the  polariser,  and  that  which 
passes  through  is  plane  polarised.  The  plate  G  is  a  special 
contrivance,  half  of  which  is  made  of  quartz  or  gypsum,  and 
th>e  other  half  of  plain  glass  ;  the  thickness  of  this  is  carefully 
.graduated,  and  the  result— the  optical  theory  of  which  need 
not  here  be  discussed— is  that  when  the  analyser  is  in  a  cer- 
tain position  with  reference  to  the  polariser  and  plate,  the  two 
halves  of  this  plate  appear  equally  illuminated.    By  adjusting 


Fig.  9. 


the  prisms  by  means  of  the  movable  pointer,  H,  and  the 
screw,  E,  which  govern  the  delicacy  of  the  instrument,  the  zero 
marks  on  the  dial  and  on  the  vernier  are  made  to  correspond 
when  the  position  of  equal  illumination  is  attained.  A  slight 
rotation  of  the  analyser  in  either  direction  by  means  of  the 
projecting  screw  handle  at  once  causes  the  two  halves  of 
the  field  to  become  unequally  illuminated.  Having  set  the 
instrument  at  zero,  a  tube  containing  an  optically  active 
liquid  is  inserted  in  the  groove,  F.    It  will  now  be  found  that 
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the  analyser  has  to  be  rotated  a  certain  number  of  degrees 
either  to  the  right  or  the  left  in  order  to  restore  the  position 
of  equal  illumination  of  the  two  halves  of  the  field.  This  is 
the  angle  through  which  the  plane  of  polarisation  has  been 
rotated.  The  beginner  will  find  a  little  difficulty  in  using 
this  instrument ;  for  example,  when  examining  oils  with  high 
rotations  or  when  the  dial  has  been  rotated  too  far,  and  has 
been  taken  beyond  the  range  of  sensitiveness ;  half  an  hour 
with  some  one  who  understands  the  instrument  will  explain 
its  use  far  better  than  pages  of  printed  matter.  The  rotation 
of  the  dial  in  the  direction  of  the  movement  of  the  hands  of 
the  clock,  as  the  observer  sees  it,  is  conventionally  termed 
dextrorotation,  and  conversely.  In  general,  the  optical  rota- 
tion is  expressed  for  a  column  of  100  mm.  The  specific 
rotary  power  is  a  different  figure,  and  is  expressed  by  the 
symbol  [a] ,  and,  taking  the  decimetre  as  the  unit  of  length 
for  this  purpose,  is  the  observed  rotation  in  the  decimetre 
tube  divided  by  the  specific  gravity  of  the  liquid.  It  is  to  be 
noted,  however,  that  the  expression  [a]  is  very  frequently 
used  to  mean  the  observed  rotation  for  100  mm.  The 
molecular  rotation  refers  of  course  only  to  pure  compounds 
and  not  to  mixtures,  and  need  not  be  discussed  here,  other- 
wise than  to  mention  that  it  is  the  product  of  the  specific 
rotary  power  and  the  molecular  weight.  In  the  sequel,  the 
optical  rotation  will  be  understood  to  refer  to  the  rotation 
produced  by  a  column  100  mm.  long,  unless  otherwise 
mentioned. 

Melting  and  Solidifying  Points. 
.  Many  oils  possess  the  property  of  becoming  solid  at 
temperatures  slightly  below  the  ordinary,  and  a  determina- 
tion of  the  solidifying  or  melting  points  becomes  an  im- 
portant criterion  of  purity  in  these  cases.  The  melting  point 
is  not  usually  the  same  as  the  solidifying  point,  on  account 
of  the  peculiar  properties  of  bodies,  included  under  the  term 
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supervision,  etc.  In  addition,  the  temperature  recorded 
differs  somewhat  with  the  method  used  in  the  determination. 
For  general  work  the  following  apparatus  gives  the  best  re- 
sults in  a  convenient  manner. 

Here  the  outer  vessel  contains  a  sufficient  quantity  of  the 
freezing  mixture,   such   as   a  mixture  of  ice   and  salt, 


Fig.  10. 


or  a  solution  of  one  of  the  usual  salts.  The  longer  test 
tube  acts  as  an  air  cover  to  the  inner  tube  in  which  the 
thermometer  is  placed.  A  small  quantity  of  the  oil— just- 
enough  to  cover  the  bulb  of  the  thermometer— is  placed  in 
this  tube,  and  in  certain  cases  the  platinum  stirrer  is  used. 
The  melting  point  is  determined  by  freezing  the  oil  and  then 
removing  the  freezing  mixture  and  allowing  the  temperature 
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to  rise  slowly,  and  noting  the  temperature  at  which  liquefac- 
tion takes  place.  The  solidification  point  is  determined  by 
cooling  the  oil  down  without  disturbing  it  until  the  tempera- 
ture is  clearly  below  the  point  of  solidification.  A  slight 
agitation  of  the  stirrer  will  now  usually  induce  solidifica- 
tion, if  not,  the  introduction  of  a  crystal  of  the  compound 
solidifying — anethol,  for  example,  in  the  case  of  aniseed  oil 
— will  do  so.  A  disengagement  of  heat  occurs  on  solidifica- 
tion, which  causes  the  thermometer  to  rise.  The  maximum 
reading  during  the  process  of  solidifying  may  be  regarded  as 
the  solidifying  point. 

Boiling  Point  and  Distillation. 

The  determination  of  the  temperature  at  which  an  oil 
begins  to  boil  is  often  of  importance,  as  is  also  the  percent- 
age of  the  oil  which  distils  within  definite  limits  of  tempera- 
ture. The  results  obtained  in  distillation  processes  must 
however  be  interpreted  very  carefully,  as  the  quantitative 
results  depend  so  largely  on  the  exact  conditions  of  distilla- 
tion. For  ordinary  purposes,  an  ordinary  Wurtz  flask  is 
useful  for  determining  the  temperature  at  which  the  liquid 
first  boils,  but  when  an  examination  of  any  of  the  fractions 
or  any  estimation  of  the  quantity  boiling  between  given 
temperatures  is  needed,  a  fractional  distillation  flask  is. 
better.    These  flasks  are  illustrated  on  page  114. 

It  is  often  advisable  to  distil  or  fractionate  an  oil  under 
reduced  pressure,  especially  when  the  constituents  decompose 
when  boiled  at  atmospheric  pressures. 

The  value  of  fractional  distillation  in  the  examination  of 
essential  oils  cannot  be  overestimated.  The  various  fractions 
may  be  examined  and  their  specific  gravities,  optical  rotations 
and  refractive  indices  determined.  The  combination  of 
these  figures  will  often  give  the  experienced  analyst  the  most 

useful  information  and  save  him  many  hours'  needless  work. 

8 
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Experience  alone,  however,  will  teach  the  chemist  to  make 
the  fullest  use  of  the  results  so  obtained.  In  most  cases 
distillation  under  reduced  pressure  is  necessary  on  account  of 
the  risk  of  decomposing  the  various  constituents  of  the  oil. 
The  use  of  a  Briihl  receiver  (or  any  similar  contrivance), 
which  is  easily  obtained  from  any  apparatus  maker,  saves  the 
necessity  of  breaking  the  vacuum  when  collecting  the  different 
fractions. 


Fig.  ll^Practionating  Columns.          Fig.  12.  Fig.  13. 

Fractionating  Wurtz  Flask. 

Flask. 


Quantitative  Estimations  of  Constituents. 

Very  frequently  it  is  necessary  to  make  a  quantitative 
determination  of  one  or  more  of  the  bodies  occurring  in  an 
essential  oil.  The  methods  used  in  these  cases  are  of  course 
exceedingly  numerous,  and  in  the  present  paragraph  only 
a  few  of  the  most  typical  and  generally  employed  will  be 
referred  to.  It  should  be  understood,  however,  that  certain 
of  these  quantitative  methods,  as  applied  to  complex  organic 
mixtures,  are  not  nearly  so  exact  as  quantitative  methods  of 
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inorganic  analysis,  but  being  worked  in  a  uniform  and  definite 
method,  the  results  are  always  strictly  comparable. 

The  Determination  of  Esters. — Esters,  or  salts  of  alkyl 
radicles,  such  as  linalyl  acetate,  etc.,  are  frequently  the  most 
important  constituents  of  essential  oils.  Their  importance 
is  especially  noteworthy  in  such  cases  as  lavender,  bergamot, 
peppermint  and  wintergreen  oils,  and  their  estimation  is 
very  frequently  necessary.  The  principle  upon  which  this 
depends  is  the  fact  that  most  esters  are  decomposed  by 
solution  of  caustic  alkali  (preferably  in  alcohol)  according  to 
the  equation — 

El  +  KOH  =  E .  OH  +  KA, 
where  E  is  the  alkyl,  and  A  the  acid,  radicle. 

To  use  this  principle  for  the  estimation,  from  2  to  5 
grammes  of  the  oil,  according  to  the  magnitude  of  its  ester 
content,  are  exactly  weighed  into  a  small  flask  capable  of 
holding  about  150  to  250  c.c,  and  from  15  to  25  c.c.  of  solu- 
tion of  caustic  potash  in  alcohol  are  added.  The  strength  of 
this  should  be  approximately  half-normal.  The  whole  is  then 
boiled  in  the  water  bath  under  a  reflux  condenser  for 
an  hour.  It  is  then  diluted  with  water  and  the  excess  of 
potash  is  estimated  by  titration  with  semi-normal  sulphuric 
acid,  using  phenol-phthalein  as  an  indicator.  To  determine 
the  amount  of  potash  originally  employed,  it  is  best  to  perform 
a  blank  experiment  with  the  same  quantity  of  potash  solu- 
tion, merely  omitting  the  oil,  so  that  the  blank  and  the  oil 
have  been  treated  in  an  exactly  similar  way.  The  difference 
in  the  two  titrations  gives  the  amount  of  potash  used  in 
decomposing  the  esters.  If  any  free  acids  are  present  these 
will  have  neutralised  some  of  the  potash,  and  it  is  then  neces- 
sary to  determine  by  a  preliminary  titration  how  much  is 
used  for  this  purpose,  and  to  deduct  the  result  from  the  total 
quantity  of  potash  used. 

The  number  of  milligrammes  of  KOH  used  to  saponify  1 
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gramme  of  the  oil  is  termed  the  saponification  or  ester  number. 
From  this  figure,  which  is  now  known,  the  percentage  of  esters 
present  in  a  given  oil  may  be  rapidly  calculated  from  the 
formula 


where  M  is  •  the  molecular  weight  of  the  ester,  and  A  the 
ester  number.  (This  is  assuming,  as  is  usually  the  case,  that 
the  ester  is  a  combination  of  a  monobasic  acid  with  a 
monatomic  alcohol.) 

The  Determination  of  Free  Alcohols. — Many  oils  contain 
large  quantities  of  free  alcohols,  such  as  geraniol  or  borneol. 
The  only  generally  convenient  way  of  estimating  these 
depends  on  the  conversion  of  the  alcohols  into  their  acetic 
esters,  and  then  saponifying  these  in  the  manner  just  de- 
scribed. From  10  to  20  grammes  of  the  oil  (spike,  sandal- 
wood and  geranium  are  typical)  are  boiled  under  a  reflux  con- 
denser for  one  and  a  half  hours  with  an  equal  volume  of 
acetic  anhydride  and  10  per  cent,  of  its  weight  of  anhydrous 
sodium  acetate.  After  the  liquid  has  cooled,  it  is  diluted 
with  water  and  allowed  to  stand  in  the  water  bath  for  fifteen 
minutes  in  order  to  decompose  the  excess  of  acetic  anhydride. 
The  liquid  is  then  transferred  to  a  separator  and  repeatedly 
washed  with  distilled  water  until  the  wash  water  is  perfectly 
neutral  in  reaction.  The  oil  is  then  separated  and  the  last 
traces  of  water  removed  by  digestion  with  ignited  acid 
potassium  sulphate.  About  2  to  5  grammes,  depending  on 
the  alcohol  content  of  the  acetylated  (esterified)  oil,  are  then 
saponified  as  described  above.  The  amount  of  ester  in  the 
acetylated  oil  is  easily  calculated,  but  to  convert  this  into 
the  percentage  of  free  alcohol  in  the  original  oil  requires  a 
more  tedious  calculation.  The  following  formula  can  be  used 
for  this  : — 


M  x  A 
560 


=  percentage  of  ester, 


N  x  M 


x  = 


10(W  -  -042N)' 


THE  ANALYSIS  OF  ESSENTIAL  OILS. 


117 


where  x  is  the  percentage  of  the  alcohol  in  the  original  oil, 
M  is  the  molecular  weight,  and  N  is  the  number  of  c.c.  of 
normal  alkali  used,  and  W  the  weight  of  the  acetylated  oil. 
Here  the  factor  '042N  is  on  account  of  the  increase  of  the 
weight  due  to  acetylation.  This  formula  is  only  true  if  the 
original  oil  contains  no  esters.  In  cases  where  esters  and 
alcohols  occur  together  the  best  method  is  to — 

(1)  Estimate  the  esters  in  the  original  oil  by  a  preliminary 
saponification  of  a  small  quantity. 

(2)  Saponify  about  20  grammes  and  separate  the  resulting 
oil,  which  now  contains  all  the  alcohols  in  the  free  state. 

(3)  Estimate  the  total  alcohols  in  2  by  the  acetylation 
process. 

(4)  Calculate  the  total  alcohols  in  the  original  oils  from  3, 
by  allowing  for  the  decrease  in  weight  of  1  when  saponified. 

(5)  Deduct  the  alcohols  combined  as  esters  from  the  total 
alcohols,  which  gives  the  amount  of  free  alcohols. 

In  these  estimations  it  is  necessary  to  calculate  all  the 
esters  and  all  the  alcohols  to  one  formula,  expressing  the 
result,  for  instance,  as  menthyl  acetate,  although  as  a  matter 
of  fact  small  quantities  of  the  corresponding  propionate  and 
butyrate  may  also  be  present,  which  it  is  impossible  to 
estimate  separately. 

In  certain  cases  the  results  thus  obtained  are  very  nearly 
scientifically  accurate,  but  in  certain  cases  the  alcohol  breaks 
down  under  the  influence  of  the  acetic  anhydride  and  the 
results  are  considerably  lower  than  the  truth,  the  variation 
depending  entirely  on  the  conditions  of  the  experiment,  which 
should  therefore  be  kept  constant  as  above  recommended. 
Linalol  and  terpineol  are  two  cases  in  point.  To  meet  such 
cases  Boulez  has  recommended  diluting  5  grammes  of  the 
oil  with  25  grammes  of  turpentine,  and  then  boiling  with  40  c.c. 
of  acetic  anhydride  and  3  to  4  grammes  of  pure  sodium  acetate. 
A  blank  experiment  to  allow  for  the  "alcohol  value"  of  the 
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turpentine  must  be  performed,  and  the  proper  deduction 
made.  It  is  claimed  by  Boulez  that  this  method  yields 
accurate  results,  but,  although  in  the  case  of  terpineol  the 
results  are  fairly  good,  the  process  does  not  give  scientifically 
accurate  results. 

The  following  tables  have  been  prepared  by  Messrs. 
Schimmel  &  Co.,  who  have  allowed  them  to  be  reproduced 
here,  in  order  to  save  calculations.  Having  determined  the 
saponification  value  of  the  oil  before  or  after  acetylation,  the 
amounts  of  esters  or  alcohols  respectively  can  be  calculated. 
It  must  be  borne  in  mind  that  the  alcohol  values  are  only 
strictly  accurate  when  there  are  no  esters  present  in  the  oil. 
Table  I.  gives  the  values  for  alcohols  of  the  formula  Ci0H38O 
and  C10H20O  (geraniol  and  citronellol)  and  their  acetic  esters. 
Table  II.  gives  the  corresponding  values  for  the  alcohols 
C15H240  and  C15H260.  Table  III.  gives  the  ester  values  for 
geranyl  tiglinate. 
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C 

]0H18° 

Sap. 
tig- 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Sap. 
fig- 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

0-35 

0-  70 

1-  05 
1-40 

1-  75 
2*10 

2-  45 

2-  80 

3-  15 
3-50 

0-28 
0-55 

0-  83 

1-  10 
1-38 

1  DO 

1-  93 

2-  20 
2-48 
2-75 

0-27 
0-55 

0-  83 

1-  10 
1-38 
1-66 

1-  94 

2-  21 
2-49 
2-77 

0-35 

0-  71 

1-  06 
1-41 

1-  77 

2-  12 
2-47 

2-  83 

3-  18 
3-54 

0-28 
0-56 

0-  84 

1-  11 
1-39 
1-67 

1-  95 

2-  23 
2-51 
2-79 

0-28 
0-56 

0-  84 

1-  12 
1-40 
1-68 

1-  96 

2-  24 
2-52 
2-81 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 

3-  85 

4-  20 
4-55 

4-  90 

5-  25 

5  bU 

5-  95 

6  30 

6-  65 

7-  00 

3-03 
3-30 
3-58 

3-  85 

4-  13 
4-40 
4-68 

4-  95 

5-  23 
5-50 

3-05 
3-33 
3-61 

3-  89 

4-  17 
4-45 

4-  74 

5-  02 
5-30 
5-58 

3-  89 

4-  24 
4-60 

4-  95 

5-  30 

5-  66 

6-  01 
6-36 

6-  72 

7-  07 

3-06 
3-34 
3-62 

3-  90 

4-  18 
4-46 

4-  74 

5-  01 
5-29 
5-57 

3-09 
3-37 
3-66 

3-  94 

4-  23 
4-51 

4-  80 

5-  08 
o-37 
5-66 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 

7-35 

7-  70 

8-  05 
8-40 

8-  75 
y  iu 

9-  45 
9-80 

10-15 
10-50 

5-  78 

6-  05 
6-33 
6-60 

6-  88 

7-  15 
7-43 
7-70 

7-  98 

8-  25 

5-  87 

6-  15 
6-44 

6-  72 

7-  01 
7-29 
7-58 

7-  87 

8-  15 
t8-44 

7-42 

7-  78 

8-  13 
8-49 

8-  84 

9-  19 
9-55 
990 

10-25 
10-61 

5-  85 

6-  13 
6-41 
6-69 

6-  96 

7-  24 
7-52 

7-  80 

8-  08 
8-36 

5-  94 

6-  23 
6-52 

6-  81 

7-  10 
7-39 
7-68 

7-  97 

8-  26 
8-55 

21 

22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
ob 
37 
38 
39 
40 

1085 
11-20 
11-55 

11-  90 

12-  25 

l  ti  bO 

12-  95 

13-  30 
13-65 
1400 

8-53 

8-  80 

9-  08 
9-35 
9-63 
9'90 

10-18 
10-45 

10-  73 

11-  00 

8-  73 

9-  02 
9-31 
9-59 
9-88 

10-17 
10-47 

10-  76 

11-  05 
11-34 

10-  96 

11-  31 

11-  67 

12-  02 
12-37 

12-  73 

13-  08 
13-44 

13-  79 

14-  14 

8-64 

8-  91 

9-  19 
9-47 
9-75 

10-03 
10-31 
10-59 

10-  86 

11-  14 

8-  84 

9-  13 
9-43 
9-72 

10-01 
10-31 
10-60 

10-  90 

11-  19 
11-49 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

1435 

14-  70 

15-  05 
15-40 

15-  75 

16-  10 
16-45 

16-  80 

17-  15 
17-50 

11-28 
11-55 

11-  83 

12-  10 
12-38 

X£*  Uu 

12-  93 

13-  20 
13-48 
13-75 

11-63 

11-  93 

12-  22 
12-51 

12-  81 

13-  40 
13-69 

13-  99 

14-  29 

14-50 

14-  85 

15-  20 
15-56 

15-  91 

16-  26 
16-62 

16-  97 

17-  32 
17-68 

11-42 
11-70 

11-  98 

12-  26 
12-54 

12-  81 

13-  09 
13-37 
13-65 
13-93 

11-  78 

12-  08 
12-38 
12-68 

12-  97 

13-  27 
13-57 

13-  87 

14-  17 
14-47 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
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Ci0H18O 

CioH2l,0 

Sap. 
fig- 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Sap. 
fig- 

51 
52 
53 
54 
55 
56 
57 
58 
,  59 
60 

17-  85 

18-  20 
18-55 

18-  90 

19-  25 
19-60 

19-  95 

20-  30 

20-  65 

21-  00 

14-03 
14-30 
14-58 

14-  85 

15-  13 
15-40 
15-68 

15-  95 

16-  23 
16-50 

14-58 

14-  88 

15-  18 
15-48 

15-  77 

16-  07 
16-38 
16-68 

16-  98 

17-  28 

18-03 
18-39 

18-  74 
1909 

19-  45 

19-  80 

20-  15 
20-51 

20-  86 

21-  21 

14-21 
14-49 

14-  76 

15-  04 
15-32 
15-60 

15-  88 

16-  16 
16-44 
16-71 

14-  77 

15-  07 
15-38 
15-68 

15-  98 

16-  28 
16-59 

16-  89 

17-  20 
17-50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

21-35 

21-  70 

22-  05 
22-40 

22-  75 

23-  10 
23-45 

23-  80 

24-  15 
24-50 

16-  78 

17-  05 
17-33 
17-60 

17-  88 

18-  15 
18-43 
18-70 

18-  98 

19-  25 

17-58 

17-  88 

18-  18 
18-49 

18-  79 

19-  10 
19-40 

19-  70 

20-  01 
20-32 

21-57 

21-  92 

22-  27 
22-63 

22-  98 

23-  34 

23-  69 

24-  04 
24-40 
24-75 

16-  99 

17-  27 
17-55 

17-  83 

18-  11 
18-39 
18-66 

18-  94 

19-  22 
19-50 

17-  81 

18-  11 
18-42 

18-  73 

19-  04 
19-34 
19-65 

19-  96 

20-  27 
20-58 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71- 

72 

73 

74 

75 

76 

77 

78 

79 

80 

24-  85 

25-  20 
25-55 

25-  90 

26-  25 
26-60 

26-  95 

27-  30 

27-  65 

28-  00 

19*53 

19-  80 

20-  08 
20-35 
20-63 

20-  90 

21-  18 
21-45 

21-  73 

22-  00 

20-62 

20-  93 

21-  24 
21-55 

21-  85 

22-  16 
22-47 

22-  78 
23  09 

23-  40 

25-10 
25-46 

25-  81 

26-  16 
26-52 

26-  87 

27-  22 
'  27-58 

27  93 

28-  29 

19-  78 

20-  06 
20-34 
20-61 

20-  89 

21-  17 
21-45 

21-  73 

22-  01 
22-29 

20-  89 

21-  20 
21-51 

21-  83 

22-  14 
22-45 

22-  77 

23-  08 
23-39 
23-71 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

28-35 

28-  70 
29  05 

29-  40 

29-  75 

30-  10 
30-45 

30-  80 

31-  15 
31-50 

22-28 
22-55 

22-  83 

23-  10 
23-38 
23-65 

23-  93 

24-  20 
24-48 
24-75 

23-  72 

24-  03 
24-34 
24-65 

24-  97 

25-  28 
25-60 

25-  91 

26-  23 
26-54 

28-64 

28-  99 

29-  35 

29-  70 

30-  05 
30-41 

30-  76 

31-  11 
31-47 
31-82 

22-56 

22-  84 

23-  12 
23-40 
23-68 

23-  96 

24-  24 
24-51 

24-  79 

25-  07 

24-02 
24-34 
24-66 

24-  97 

25-  29 
25-61 

25-  93 

26-  25 
26-57 
26-89 

81 
82 
83 
84 
S5 
86 
87 
88 
89 
90 

91 
92 
93 

95 
96 
97 
98 
99 
100 

31-  85 

32-  20 

32-  55 
oo.on 

33-  25 
33-60 

33-  95 

34-  30 

34-  65 

35-  00 

25-03 
25-30 

25-  58 

AO  oO 

26-  13 
26-40 
26-68 

26-  95 

27-  23 
27-50 

26-  86 

27-  18 

27-  49 

A  I  01 

28-  13 
28-45 

28-  77 

29-  09 
29-41 
29-73 

32-17 
32-53 

32-  88 

OO  £*k 

33-  59 

33-  94 

34-  30 

34-  65 
35  00 

35-  36 

25-35 
25-63 

25-  91 

26-  46 

26-  74 

27-  02 
27-30 
27-58 
27-86 

27-21 
27-53 

27-  85 

28-  49 

28-  82 

29-  14 
29-47 

29-  79 

30-  11 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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Table  I.  (continued). 


CioHigO 

Sap. 
fig- 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Sap. 
fig- 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

35-35 

35-  70 

36-  05 
36-40 

36-  75 
37*10 

37-  45 

37-  80 

38-  15 
38-50 

27-  78 

28-  05 
28-33 
28-60 

28-  88 

29-  15 
29-43 
29-70 

29-  98 

30-  25 

30-05 
30-37 

30-  70 

31-  02 
31-34 
31-67 

31-  99 

32-  32 
32-64 
32-97 

35-  71 
36  06 
3642 

36-  77 

37-  12 
37-48 

37-  83 

38-  19 
38-54 
38-89 

28-14 
28-41 
28-69 

28-  97 

29-  25 
29-53 

29-  81 

30-  09 
30-36 
30-64 

30-44 

30-  77 

31-  09 
31-42 

31-  75 

32-  08 
32-41 

32-  74 

33-  07 
33-40 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

38-  85 

39-  20 
39-55 

39-  90 

40-  25 
40-60 

40-  95 

41-  30 

41-  65 

42-  00 

30-53 

30-  80 

31-  08 
31-35 
31-63 

31-  90 

32-  18 
32-45 

32-  73 

33-  00 

33-30 
33-62 

33-  95 

34-  28 
34-61 

34-  94 

35-  27 
35-60 

35-  93 

36-  26 

39-25 
39-60 

39-  95 

40-  31 

40-  66 

41-  01 
41-37 

41-  72 

42-  07 
42-43 

30-  92 

31-  20 
31*48 

31-  76 

32-  04 
32-31 
32-59 

32-  87 

33-  15 
33-43 

33-  73 

34-  06 
34-39 

34-  73 

35-  06 
35-39 

35-  73 

36-  06 
36-40 
36-73 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

121 
122 
123 
124 
125 
126 
127 
123 
129 
130 

42-35 

42-  70 

43-  05 
43-40 

43-  75 

44-  10 
44-45 

44-  80 

45-  15 
45-50 

33-28 
33-55 

33-  83 

34-  10 
34-38 
34-65 

34-  93 

35-  20 
35-48 
35-75 

36-60 

36-  93 

37-  26 
37-60 

37-  93 

38-  27 
38-60 

38-  94 

39-  27 
39-61  1 

42-  78 

43-  14 
43-49 

43-  84 

44-  20 
44-55 

44-  90 

45-  26 
45-61 
45-96 

33-71 

33-  99 

34-  26 
34-54 

34-  82 
3510 

35-  38 
35-66 

35-  94 

36-  21 

37-07 
37-41 

37-  75 

38-  08 
38-42 

38-  76 
39*10 

39-  44 

39-  78 

40-  13 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

45-  85 

46-  20 
46-55 

46-  90 

47-  25 
47-60 

47-  95 

48-  30 

48-  65 

49-  00 

36-03 
36-30 
36-58 

36-  85 

37-  13 
37-40 
37-68 

37-  95 

38-  23 
38-50 

39-  95 

40-  29 
40-63 

40-  97 

41-  31 
41-65 

41-  99 

42-  33 

42-  67 

43-  02 

46-32 

46-  67 

47-  02 
47-38 

47-  73 

48-  09 
48-44 

48-  79 

49-  15 
49-50 

36-49 

36-  77 

37-  05 
37-33 
37-61 

37-  89 

38-  16 
38-44 

38-  72 

39-  00 

40-47 

40-  81 

41-  16 
41-50 

41-  84 

42-  19 
42-53 

42-  88 

43-  23 
43-58 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

141 
142 
143 
144 
145 
146 
147 
14-4 
149 
150 

49-35 

49-  70 

50-  05 
50-40 

50-  75 

51-  10 
51-45 

51-  80 

52-  15 
52-50 

38-  78 

39-  05 
39-33 
39-60 

39-  88 

40-  15 
40-43 
40-70 

40-  98 

41-  25 

43-36 

43-  71 

44-  05 
44-39 

44-  74 

45-  09 
45-44 

45-  78 

46-  13 
46-48 

49-  85 

50-  21 

50-  56 
50*91 

51-  27 
51-62 

51-  97 

52-  33 

52-  68 

53-  04 

39-28 
39-56 

39-  84 

40-  11 
40-39 
40-67 

40-  95 

41-  23 
41-51 
41-79 

43-  92 

44-  27 
44-62 

44-  97 

45-  32 

45-  67 

46-  02 
46-38 
46-73 
47*08 

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
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Table  I.  (continued). 


C10 

H20O 

Sap. 
fig. 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Sap. 
fig- 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

52-  85 

53-  20 
53-55 

53-  90 

54-  25 
51-60 

54-  95 

55-  30 
55-65 
5600 

41-53 

41-  80 

42-  08 
42-35 
42-63 

42-  90 

43-  18 
43-45 

43-  73 

44-  00 

46-  83 

47-  18 
47-53 

47-  88 

48-  23 
48-58 

48-  94 

49-  29 

49-  65 

50-  00 

53-39 

53-  74 

54-  10 

54-  45 
54  80 

55-  16 
55-51 

55-  86 

56-  22 
56-57 

42-06 
42-34 
42-62 

42-  90 

43-  18 
43-46 

43-  74 

44-  01 
44-29 
44-57 

47-44 

47-  79 

48-  15 
48-50 

48-  86 

49-  21 
49-57 

49-  93 

50-  29 
50-65 

151 

152 
153 
154 
155 
156 
157 
158 
159 
160 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

56-35 

56-  70 

57-  05 
57-40 

57-  75 

58-  10 
58-45 

58-  80 

59-  15 
59-50 

44-28 
44-55 

44-  83 

45-  10 
45-38 
45-65 

45-  93 

46-  20 
46-48 
46-75 

50-36 

50-  71 

51-  07 
51-42 

51-  78 

52-  14 
52-50 

52-  86 

53-  22 
53-58 

56-  92 

57-  28 
57-63 

57-  99 

58-  34 

58-  69 

59-  05 
59-40 

59-  75 

60-  11 

44-  85 

45-  13 
45-41 
45-69 

45-  96 

46-  24 
46-52 

46-  80 

47-  08 
47-36 

51-01 
51-37 

51-  73 
52  09 

52-  46 

52-  82 

53-  18 
53-55 

53-  91 

54-  28 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

59-  85 

60-  20 
60-55 

60-  90 
61  -25 

61-  60 

61-  95 

62-  30 

62-  65 

63-  00 

47-03 
47-30 
47-58 

47-  85 

48-  13 
48-40 
48-68 

48-  95 

49-  23 
49-50 

53-  94 

54-  31 

54-  67 

55-  03 
55-40 

55-  76 

56-  13 
56-49 

56-  86 

57-  22 

60-46 

60-  81 

61-  17 
61-52 

61-  87 

62-  23 
62-58 

62-  94 

63-  29 
63-64 

47-64 

47-  91 

48-  19 
48-47 

48-  75 

49-  03 
49-31 
49-59 

49-  86 

50-  14 

54-  64 

55-  01 
55-38 

55-  75 

56-  12 
56-48 

56-  85 

57-  23 
57-60 
57-97 

171 
172 
173 
174 
175> 
176 
177 
178 
179 
180 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

63-35 

63-  70 

64-  05 
64-40 

64-  75 

65-  10 
65-45 

65-  80 

66-  15 
66-50 

49-  78 

50-  05 
50-33 
50-60 

50-  88 

51-  15 
51-43 
51-70 

51-  98 

52-  25 

57-59 

57-  96 

58-  33 

58-  70 

59-  07 
59-44 

59-  81 

60-  19 
60-56 
60-93 

64-00 
64-35 

64-  70 

65-  06 
65-41 

65-  76 

66-  12 
66-47 

66-  82 

67-  18 

50-42 
50-70 

50-  98 

51-  26 
51-54 

51-  81 

52-  09' 
52-37 
52-65 
52-93 

58-34 

58-  71 

59-  09 
59  46 

59-  84 

60-  21 
60-59 

60-  97 

61-  35 
61-72 

1S1 
182 
183 
184 
185 
186 
187 
168 
189 
190 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

66-  85 

67-  20 
67-55 

67-  90 

68-  25 
68-60 

68-  95 

69-  30 

69-  65 

70-  00 

52-53 

52-  80 

53-  08 
53  35 
53-63 

53-  90 

54-  18 
54-45 
54-73 
5500 

61-31 

61-  68 
62  06 

62-  43 

62-  81 
6319 

63-  57 

63-  95 

64-  33 
64-71 

67-53 

67-  89 

68-  24 
68-59 
68-95 

69  65 

70  01 
7036 
70-71 

53-21 
53-49 

53-  76 
5404 

54-  32 
54-60 

54-  88 

55-  16 
55  44 
55-71 

62-10 
62-48 

62-  86 

63-  24 

63-  63 

64-  01 

64-  39 
04-78 

65-  16 
6555 

191 
192 
193 
194 
195 
196; 
197" 
198 
199 
200> 
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Table  I.  (continued). 


C 

i0H)8O 

Sap. 
tig- 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Sap. 
fig- 

201 
202 
203 
204 
205 
206 
207 
20S 
209 
210 

70-35 

70-  70 

71-  05 
71-40 

71-  75 

72-  10 
72-45 

72-  80 

73-  15 
73-50 

55-28 
55-55 

55-  83 

56-  10 
56-38 
56-65 

56-  93 

57-  20 
57-48 
57-75 

65-09 
65-47 

65-  85 

66-  23 

66-  62 
6700 

67-  39 

67-  77 

68-  16 
68-55 

71-07 
71-42 

71-  77 

72-  13 
72-48 

72-  84 

73-  19 
73-54 

73-  90 

74-  25 

55-  99 

56-  27 
£6-55 

56-  83 

57-  11 
57-39 
57-66 

57-  94 

58-  22 
58-50 

65-  93 

66-  32 

66-  71 

67-  09 
67-48 

67-  87 

68-  26 

68-  65 

69-  04 
69  44 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

211 
212 
213 
214 
215 
216 
217 
218 
219 
220 

73-  85 

74-  20 
74-55 

74-  90 

75-  25 
75-60 

75-  95 

76-  30 

76-  65 

77-  00 

58-03 

58-ao 

58-58 

58-  85 

59-  13 
59-40 
59-68 

59-  95 

60-  23 
60-50 

68-  93 

69-  32 

69-  71 

70-  10 
70-49 

70-  88 

71-  28 

71-  67 

72-  06 
72-45 

74-60 

74-  96 

75-  31 

75-  66 

76-  02 
76-37 

76-  72 

77-  08 
77-43 
77-79 

58-  78 

59-  06 
59-34 
59-61 

59-  89 

60-  17 
60-45 

60-  73 

61-  01 
61-29 

69-  83 

70-  22 

70-  62 

71-  01 
71-41 

71-  80 

72-  20 

72-  60 

73-  00 
73-40 

211 

212 

213 

214 

215 

216 

217 

218 

219  ' 

220 

221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

77-35 

77-  70 

78-  05 
78-40 

78-  75 

79-  10 
79-45 

79-  80 

80-  15 
80-50 

60-  78 

61-  05 
61-33 
61-60 

61-  88 

62-  15 
62-43 
62-70 

62-  98 

63-  25 

72-  85 

73-  25 

73-  64 

74-  04 
74-44 

74-  84 

75-  23 

75-  63 

76-  03 
76-44 

78-14 
78-49 

78-  85 

79-  20 
79-55 

79-  91 

80-  26 
80-61 

80-  97 

81-  32 

61-56 

61-  84 

62-  12 
62-40 
62-68 

62-  96 

63-  24 
63-51 

63-  79 

64-  07 

73-  80 

74-  20 

74-  60 

75-  00 
75-40 

75-  81 

76-  21 

76-  62 

77-  02 
77-43 

221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

80-  85 

81-  20 
81-55 

81-  90 

82-  25 
82-60 

82-  95 

83-  30 

83-  65 

84-  00 

63-53 

63-  80 

64-  08 
64-35 
64-63 

64-  90 

65-  18 
65-45 

65-  73 

66-  00 

76-  84 

77-  24 

77-  64 

78-  05 
78-45 

78-  86 

79-  27 

79-  67 

80-  08 
80-49 

81-  67 

82-  03 
82-38 

82-  74 

83-  09 
83-44 

83-  80 

84-  15 
84-50 
84-86 

64-35 
64-63 

64-  91 

65-  19 
65-46 

65-  74 

66-  02 
66-30 
66-58 
66-86 

77-  83 

78-  24 

78-  65 

79-  06 

79-  47 
'79-88 

80-  29 

80-  71 

81-  12 
81-53 

231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 

84-35 

84-  70 

85-  05 
85-40 

85-  75 
8610 

86-  45 

86-  80 

87-  15 
87-50 

66-28 
66-55 

66-  83 

67-  10 
67-38 
67-65 

67-  93 

68-  20 
68-48 
68-75 

80-  90 

81-  31 

81-  72 

82-  13 
82-54 

82-  96 

83-  37 

83-  78 

84-  20 
84-62 

85-21 
1  85-56 

85-  92 

86-  27 
86-62 
86-98 

!  87-33 
|  87-09 
88-04 
88-39 

67-14 
67-41 
67-69 

67-  97 

68-  25 
68-53 

68-  81 

69-  09 
69-30 
69-64 

81-  95 

82-  36 

82-  78 

83-  20 

83-  61 

84-  03 
84-45 

84-  87 

85-  29 
85-71 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
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Table  I.  (continued). 


C10H18° 

C10 

H20O 

Sap. 
fig- 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

Alcohol 

Alcohol  in 
the  orig.  oil 

Sap. 
fig- 

251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

87-  85 

88-  20 
88-55 

88-  90 

89-  25 
89-60 

89-  95 

90-  30 

90-  65 

91-  00 

69-03 
69-30 
69-58 

69-  85 

70-  13 
70-40 
70-68 

70-  95 

71-  23 
71-50 

85-03 
85-45 

85-  87 

86-  29 

86-  71 

87-  13 
87-55 

87-  97 

88-  40 
88-82 

88-  75 

89-  10 

89-  45 

90-  16 
90-51 

90-  87 

91-  22 
91-57 
91-93 

69-  92 

70-  20 

70-  48 

71-  04 
71-31 
71-59 

71-  87 

72-  15 
72-43 

86-14 
86-56 

86-  98 

Of  3tl 

87-  83 

88-  26 

88-  69 

89-  11 
89-54 
89-97 

251 
252 
253 

OKA. 

255 
256 
257 
258 
259 
260 

261 
262 
263 
264 
265 
266 
267 
268 
269 
270 

91-35 

91-  70 

92-  05 
92-40 

92-  75 

93-  10 
93-45 

93-  80 

94-  15 
94-50 

71-  78 

72-  05 
72-33 
72-60 

72-  88 

73-  15 
73-43 
73-70 

73-  98 

74-  25 

89-25 

89-  67 

90-  10 
90-52 

90-  95 

91-  38 

91-  81 

92-  24 

92-  67 

93-  10 

92-28 
92-64 

92-  99 

93-  70 

94-  05 
94-40 

94-  76 

95-  11 
95-46 

72-71 

72-  99 

73-  26 
i  tj  -j  i 

73-  82 

74-  10 
74-38 
74-66 

74-  94 

75-  21 

90-40 

90-  83 

91-  27 

92-  13 

92-  57 

93-  00 
93-44 

93-  87 

94-  31 

261 

262 
263 

—  U^r 

265 
266 
267 
268 
269 
270 

271 
272 
273 
274 
275 
276 
277 
278 
279 
280 

94-  85 

95-  20 
95-55 

95-  90 

96-  25 
96-60 

96-  95 

97-  30 

97-  65 

98-  00 

74-53 

74-  80 

75-  08 
75-35 
75-63 

75-  90 

76-  18 
76-45 

76-  73 

77-  00 

9354 

93-  97 

94-  40 

94-  84 

95-  28 

95-  71 

96-  15 

96-  59 

97-  03 
97-47 

95-  82 

96-  17 

96-  52 

97-  23 

97-  59 
'97-94 

98-  29 

98-  65 

99-  00 

75-49 

75-  77 

76-  05 

76-61 

76-  89 

77-  16 
77-44 

77-  72 

78-  00 

94-  75 

95-  19 

95-  63 

96-  07 
96-51 

96-  96 

97-  40 

97-  84 

98-  29 
98-73 

271 
272 
273 

974- 

275 
276 
277 
278 
279 
280 

281 
282 
283 
284 
285 
.285 

98-35 

98-  70 

99-  05 
99-40 
99-75 

100-10 

77-28 
77-55 

77-  83 

78-  10 
78-38 
78-65 

97-  91 

98-  35 

98-  80 

99-  24 
99-68 

100-13 

99-35 
99-71 
100-06 

78-28 
78-56 
78-84 

99-18 
99-63 
100-08 

281 
282 
283 
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Table  II. 


Q15H26O 

Ester 
number 

°/o 
Acetate 

7c 
Alcohol 

lo 

Alcohol  in 
the  orig.  oil 

io 

Acetate 

7o 

Alcohol 

7c 

Alcohol  in 
the  orig.  oil 

Ester 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0-47 

0-  94 

1-  40 

1-  87 

2-  34 

2-  81 

3-  28 

3-  74 

4-  21 
4-68 

0-39 

0-  79 

1-  18 
1-57 

1-  96 

2-  36 

2-  75 

3-  14 
3-53 
3-93 

0-  39 
0  79 

1-  18 
1-58 

1-  97 

2-  37 

2-  76 

3-  16 
3-56 
3-96 

047 

0-  94 

1-  41 

1-  89 
236 

2-  83 

3-  30 

3-  77 

4-  24 
4-71 

0-40 

0-  79 

1-  19 
1-59 

1-  98 

2-  38 

2-  78 

3-  17 
3-57 
3-96 

0-40 

0-  79 

1-  19 
1-59 

1-  99 

2-  39 

2-  79 

3-  19 
3-59 
3-99 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

5-15 

5-  61 

6-  08 

6-  55 

7-  02 
7-49 

7-  95 

8-  42 

8-  89 

9-  36 

4-32 

4-  71 

5-  11 
5-50 

5-  89 

6-  29 

6-  68 

7-  07 
7-46 
7-86 

4-36 

4-  76 

5-  16 
5-56 

5-  96 

6-  36 

6-  77 

7-  17 
7-57 
7-98 

5-  19 
566 

6-  13 

6-  60 

7-  07 

7-  54 

8-  01 
8-49 

8-  96 

9-  43 

4-36 

4-  76 

5-  15 
5-55 

5-  95 

6-  34 

6-  74 

7-  14 
7-53 
7-93 

4-40  ' 

4-  80 

5-  20 

5-  61 

6-  01 
6-42 

6-  83 

7-  23 

7-  64 

8-  05 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
'  22 
23 
24 
25 
26 
27 
28 
29 
30 

9-83 
10-29 

10-  76 

11-  23 

11-  70 

12-  16 

12-  63 

13-  10 

13-  57 

14-  04 

8-25 

8-  64 

9-  03 
9-42 
9-82 

10-21 

10-  60 

11-  00 
11-39 
11-79 

8-  3S 
«-79 

9-  19 
9-60 

10-01 
10-42 

10-  83 

11-  24 

11-  65 

12-  06 

9-90 
10-37 

10-  84 

11-  31 

11-  79 

12-  26 

12-  73 

13-  20 

13-  67 

14-  14 

8-33 

8-  72 

9-  12 
9-51 
9-91 

10-30 

10-  70 

11-  10 
11-49 
11-89 

8-46 

8-  87 

9-  28 
9-69 

10-10 
10-51 

10-  92 

11-  34 

11-  75 

12-  17 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

14-51 

14-  98 

15-  45 

15-  91 

16-  38 

16-  15 

17-  32 

17-  79 

18-  25 
18-71 

12-18 
12-57 

12-  96 

13-  35 

13-  75 

14-  14 
14-54 

14-  93 

15-  32 
15-71 

12-47 

12-  88 

13-  29 

13-  71 

14-  12 
1454 

14-  95 

15-  37 

15-  78 

16-  20 

14-  61 

15-  08 

15-  55 

16-  02 
16-50 

16-  97 

17-  44 

17-  91 

18-  38 
18-86 

12-28 

12-  68 

13-  08 
13-48 

13-  88 

14-  27 

14-  76 

15-  06 
15-46 
15-86 

12-  58 

13-  00 
13-41 

13-  83 

14-  25 

14-  67 

15-  09 
15-51 

15-  93 

16-  35 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

19-18 

19-  05 

20-  12 

20-  59 

21-  05 
21-52 

21-  99 

22-  46 

22-  93 

23-  39 

16-10 
16-50 

16-  89 

17-  28 

17-  68 

18-  07 
18-46 

18-  85 

19-  25 
19-64 

16-  62 

17-  04 

1 7 -4.fi 
i.  1  ^tyj 

17-  88 

18-  30 

18-  72 

19-  14 
19-56 

19-  98 

20-  41 

19-33 

19-  80 

90-97 

20-  74 

21-  21 

21-  69 

22-  16 

22-  63 

23-  10 
23-57 

16-25 

16-  65 
1 1  (10 

17-  44 

17-  84 

18-  24 

18-  63 

19-  03 
19-82 

19-43 

16-  77 

17-  19 

18-  04 
18-46 

18-  89 

19-  32 

19-  74 

20-  17 
20-59 

41 
42 

44 
45 
46 
4T 
48 
49 
50 
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Table  II.  (continued). 


Ester 
number 

Acetate 

°lo 

Alcohol 

7o 

Alcohol  in 
the  orig.  oil 

la 

Acetate 

% 
Alcohol 

% 

Alcohol  in 
the  orig.  oil 

Ester 
number 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

23-  86 

24-  33 

24-  80 

25-  26 

25-  73 

26-  20 

26-  67 

27-  14 

27-  61 

28-  07 

2003 
20-42 

20-  82 

91  -91 

21-  60 

22-  00 
22-39 

22-  78 

23-  17 
23-57 

20-  83 

21-  26 

21-  68 

22  li 

22-  54 

22-  96 

23-  39 

23-  82 

24-  25 
24-68 

24-04 
24-51 

24-  99 

(Ik.  I/1 

25  4b 

25-  93 

26-  40 

26-  87 

27-  34 

27-  81 

28-  29 

20-22 

20-  62 

21-  01 
21-41 

21-  81 

22-  20 

22-  60 

23-  00 
23-39 
23-79 

21-02 
21-45 

21-  88 

22-  31 

22-  74 

23-  17 

23-  61 

24-  04 
24-47 
24-91 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

2^-54 
2  )  -01 

29-  48 

30-  41 

30-  88 

31-  35 

31-  81 

32-  >8 
32-75 

23-  96 

24-  35 

24-  75 

AD  A.rk 

25-  53 

25-  93 

26-  32 

26-  71 

27-  10 
27-50 

25-11 
25-54 

25-  97 

ZD  41 

26-  84 

27-  27 

27-  71 

28-  14 

28-  58 

29-  02 

28-  76 

29-  23 

29-  70 

30-  17 

30-  64 

31-  11 

31-  59 

32-  06 

32-  53 

33-  00 

24-19 
24-58 

24-  98 

25-  38 

25-  77 

26-  17 
26-57 

26-  96 

27-  35 
27-75 

25-34 

25-  77 

26-  21 

26-  65 

27-  09 
27-53 

27-  97 

28-  41 

28-  85 

29-  29 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

33-22 

33-  69 

34-  15 

35-  09 

35-  56 

36-  03 
36-49 

36-  96 

37-  43 

27-  89 

28-  28 

28-  67 

on  .r\"7 

29-  46 

29-  85 

30-  25 

30-  64 

31-  03 
31-43 

29-46 

29-  90 

30-  34 

30-  78 

31-  22 

31-  66 

32-  10 
32-54 

32-  98 

33-  43 

33-47 

33-  94 

34-  41 
34*89 

35-  36 

35-  83 

36-  30 

36-  77 

37-  24 
37-71 

28-15 
28-54 

28-  94 

29-  34 

29-  73 

30-  13 
30-53 

30-  92 

31-  31 
31-71 

29-  73 

30-  17 

30-  61 

31-  06 
31-50 

31-  95 

32-  40 

32-  84 

33-  29 
33-74 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

37-  90 

38-  37 

38-  84 
oy  oU 

39-  77 

40-  24 

40-  70 

41-  17 

41-  64 

42-  11 

31-  82 

32-  21 

32-  60 
66  UU 

33-  39 

33-  78 

34-  18 
34-57 
34-96 
35  36 

33-  87 

34-  32 

34-  77 
35  22 

35-  66 

36-  11 

36-  56 

37-  01 
37-46 
37-92 

38-19 

38-  66 

39-  13 
39  bO 

40-  07 

40-  54 

41-  01 
41-49 

41-  96 

42-  43 

32-11 
32-50 

32-  90 
do  oO 

33-  69 

34-  09 
34-49 

34-  88 

35-  28 
35-68 

34-19 

34-  64 

35-  09 
35*54 

35-  99 

36-  44 
3690 
37'35 

37-  80 

38-  26 

81 
82 
83 

O  A 

84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

42-  57 

43-  04 

43-  51 
■±o  yo 

44-  45 

44-  92 

45-  39 

45-  85 

46-  32 
46-7J 

35-  75 
3614 

36-  53 

OO  J* 

37-  32 

37-  71 

38-  10 
38-50 

38-  89 

39-  29 

38-37 

38-  82 

39-  27 
oy  /  o 

40-  18 

40-  64 

41-  10 

41-  55 

42-  01 
42-47 

42-  90 

43-  37 

43-  84 

iTi±  OX 

44-  79 

45-  26 

45-  73 

46-  20 

46-  67 

47-  14 

36-08 
36-47 

36-  87 

3*7 -Oft 

37-  66 

38-  05 
38-45 

38-  85 

39-  24 
39-64 

38-  71 

39-  17 

39-  63 
•iu  uy 

40-  55 

41-  01 
41-47 

41-  93 

42-  39 
42-86 

91 
92 
93 
y-x 
95 
96 
97 
98 
99 
100 
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Table  II.  (continued). 


,H»0 

Ester 
number 

7o 

Acetate 

Alcohol 

lo 

Alcohol  in 
the  orig.  oil 

7o 
Acetate 

7o 
Alcohol 

7 

la 

Alcohol  in 
the  orig.  oil 

'  - 
Ester 
number 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

4726 

47-  72 

48-  1 ) 

48-  66 
4913 

49-  59 

50-  06 

50-  53 

51-  00 
51-46 

39-  68 

40-  07 
40-46 

40-  85 

41-  25 

41-  64 

42-  04 
42-43 

42-  82 

43-  21 

42-  93 

43-  39 

43-  85 

44-  32 

44-  78 

45-  24 

45-  70 

46-  16 

46-  63 

47-  10 

47-  61 

48-  09 

48-  56 

49-  03 
49-50 

49-  97 

50-  44 

50-  91 

51-  39 
51-86 

40-04 

40-  43 

41-  23 

41-  63 

42-  02 
42-42 

42-  81 

43-  21 
43-61 

43-32 

43-  78 
4.4..  94 

44-  71 

45-  18 

45-  65 

46-  12 

46-  59 

47-  06 
47-53 

101 
102 

J.UO 

104 
105 
106 
107 
108 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

51-  93 

52-  40 

52-  87 

53-  34 

53-  81 

54-  28 

54-  74 

55-  21 

55-  68 

56-  14 

43-  60 

44-  00 
44-39 

44-  78 

45-  17 
45-57 

45-  96 

46-  35 

46-  74 

47-  14 

47-  57 

48-  04 
48-50 

48-  97 

49-  44 

49-  91 

50-  39 

50-  86 

51-  33 
51-81 

52-33 

52-  80 

53-  27 

53-  74 

54-  21 

54-  69 

55-  16 

55-  63 

56-  10 
56-57 

44-00 

44-  40 

45-  19 
45-59 

45-  99 

46-  38 

46-  78 
4718 

47-  57 

48-00 

48-  47 

49-  42 

49-  89 

50-  36 

50-  84 

51-  32 

51-  80 

52-  28 

111 
112 

"1  1  Q 

114 
115 
116 
117 
118 
119 
120 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

56-  61 

57-  08 

57-  55 

58-  01 
58-48 

58-  95 

59-  42 

59-  89 

60-  36 
60-82 

47-53 

47-  92 

48-  32 

48-  71 

49-  10 
49-50 

49-  89 

50-  28 

50-  67 

51-  07 

52-28 

52-  76 

53-  23 

53-  71 

54-  18 

54-  66 

55-  14 

55-  62 

56-  11 
56-59 

57-04 

57-  51 

57  -QQ 

58-  46 

58-  93 

59-  40 

59-  87 

60-  34 

60-  81 

61-  28 

47-  97 

48-  36 

4R-7R 

49-  16 
49-55 

49-  95 

50-  35 

50-  74 

51-  14 
51-54 

52-  76 

53-  24 

CQ.rrO 

DO  /  A 

54-  20 

54-  68 

55-  17 

55-  65 

56-  13 

56-  62 

57-  10 

121 
122 

124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

6L-29 

61-  76 

62-  23 

62-  70 
6J.-16 

63-  63 

64-  10 

64-  57 

65-  04 
65-50 

51-46 

51-  85 

52-  25 

52-  64 

53-  03 
53-42 

53-  82 

54-  21 

54-  60 

55-  00 

57-07 

57-  55 

58-  03 

58-  52 

59-  00 
59-49 

59-  98 

60-  47 

60-  96 

61-  45 

61-  75 

62-  22 

63-  17 

63-  64 

64-  11 

64-  59 

65-  06 

65-  53 

66-  00 

51-  93 

52-  33 

53-  12 
53-52 

53-  92 

54-  31 

54-  71 

55-  11 
55-50 

57-  59 

58-  08 
08  57 

59-  06 

59-  55 

60-  04 

60-  53 

61-  02 

61-  51 

62-  01 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

65-  97 

66-  44 

66-  90 

67-  37 

67-  84 

68-  31 

68-  78 

69-  25 

69-  72 

70-  18 

55-39 

55-  78 

56-  18 
56-57 

56-  96 

57-  35 

57-  75 

58-  14 
58-53 
58-93 

61-  94 

62-  43 

62-  93 

63-  42 

63-  92 

64-  41 

64-  91 

65-  40 

65-  90 

66-  40 

66-47 

66-  94 

67-  41 

67-  89 

68-  36 

68-  83 

69-  30 

69-  77 

70-  24 
70-71 

55-  90 

56-  30 
56  "69 

57-  09 
57-49 

57-  88 

58-  28 

58-  68 

59-  07 
59-46 

62-  50 

63-  00 

DO  OU 

64-  00 

64-  50 

65-  00 

65-  50 
6600 

66-  50 

67-  00 

141 
142 

1  A  Q 
140 

144 
145 
146 
147 
148 
149 
150 
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Table  II.  (continued). 


Ester 
number 

7b 
Acetate 

7o 

Alcohol 

lo 

Alcohol  in 
the  orig.  oil 

7o 

Acetate 

7= 

Alcohol 

•  7o 

Alcohol  in 
the  orig.  oil 

Ester 
number 

151 
152 
153 

155 
156 
157 
158 
159 
■  160 

70-  65 

71-  12 

71-  58 

72-  05 
72-52 

72-  99 

73-  46 

73-  92 

74-  39 
74-86 

59-32 

59-  71 

60-  10 
60-50 

60-  89 

61-  28 

61-  68 

62-  07 
62-46 
62-86 

66-  90 

67-  40 

67-  90 

68-  40 

68-  90 

69-  41 

69-  91 

70-  42 

70-  29 

71-  43 

71-19 

71-  66 

72-  13 

72-  60 

73-  07 

73-  54 

74-  01 
74-49 

74-  96 

75-  43 

59-  86 

60-  26 

60-  65 
6105 

61-  45 

61-  84  . 

62-  24 

62-  64 

63-  03 
63-43 

67-  51 

68-  01 

68-  52 

69-  02 

69-  53 
7004 

70-  55 

71-  06 

71-  57 

72-  08 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

161 
162 
163 

165 
166 
167 
168 
169 
170 

75-33 

75-  80 

76-  26 

76-  73 

77-  20 

77-  67 

78-  14 

78-  60 

79-  07 
79-54 

63-25 

63-  64 

64-  03 
64-42 

64-  82 

65-  21 

65-  60 

66-  00 
66-39 
66-79 

71-  93 

72-  44 

72-  95 

73-  46 

73-  97 

74-  49 

75-  00 

75-  52 

76-  03 
76-55 

75-  90 

76-  37 

76-  84 

77-  31 

77-  78 

78-  26 

78-  73 

79-  20 
79  67 

80-  14 

63-  83 

64-  22 

64-  62 

65-  02 
65-41 

65-  81 

66-  21 

66-  60 

67-  00 
67-39 

72-  59 

73-  10 

73-  62 

74-  13 

74-  65 

75-  16 

75-  68 

76-  20 

76-  72 

77-  24 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

171 
172 
173 

1  7 A. 

175 
176 
177 
178 
179 
180 

80-01 
80-48 

80-  94 
ftl  -4.1 

81-  88 

82-  35 

82-  81 

83-  28 

83-  75 

84-  21 

67-18 
67-57 

67-  96 

68-  35 

68-  75 

69-  14 
69-54 

69-  93 

70-  32 
70-71 

77-06 

77-  58 

78-  10 

78-  62 

79-  14 

79-  66 
'80-18 

80-  70 

81-  23 
81-75 

80-  61 

81-  08 

81-  56 

82-  03 

82-  50 
!-2-97 

83-  44 

83-  91 

84-  38 
84-86 

67-  79 

68-  19 
68-58 

68-  98 

69-  38 

69-  77 

70-  17 

70-  57 
7096 

71-  36 

77-  76 

78-  28 

78-  81 

79-  33 

79-  85 

80-  38 

80-  91 

81-  43 
SI -96 

82-  49 

171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

181 
182 
183 

185 
186 
187 
188 
189 
190 

84-  68 

85-  15 

85-  62 

OU  Uj 

86-  56 

87-  03 
87-49 

87-  96 

88-  43 
88-89 

71-10 
71-50 

71-  89 

79-9R 

72-  68 

73-  07 
73-46 

73-  86 

74-  25 
74-64 

82-28 

82-  80 

83-  33 

84-  39 

84-  92 

85-  45 

85-  98 

86-  51 
87  05 

S5-33 

85-  80 

86-  27 

86-  74 

87-  21 

87-  68 

88-  16 

88-  63 

89-  10 
89-57 

71-  76 

72-  15 
72-55 

72-  95 
'  73-34 

73-  74 

74-  14 
74-53 

74-  93 

75-  32 

83-02 

83-  55 

84-  09 

84-  62 

85-  15 

85-  69 

86-  22 

86-  76 

87-  30 
87-84 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

191 
192 
193 

1  Q4. 

195 
196 
197 
198 
199 
200 

89-36 

89-  83 

90-  30 
QD-77 

91-  24 

91-  70 

92-  17 

92-  64 

93-  11 
93-57 

75-03 
75-42 

75-  82 

76-  21 

76-  00 

77-  00 
77-39 

77-  78 

78-  17 
78-57 

87-  58 

88-  12 

88-  65 

89-  19 

89-  73 

90-  27 

90-  81 

91-  35 

91-  89 

92-  44 

90-04 
90-51 

90-  98 

91-  46 

91-  93 

92-  40 

92-  87 

93-  34 

93-  81 

94-  28 

75-  72 

76-  12 
76-51 

76-  91 

77-  31 

77-  70 

78-  10 
78-50 

78-  89 

79-  29 

88-38 

88-  92 

89-  46 

90-  00 

90-  54 

91-  09 

91-  64  . 

92-  18 

92-  73 

93-  28 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
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Table  II.  (continued). 


C15H240 

Ester 
number 

°l 

10 

Acetate 

7o 
Alcohol 

Alcohol  in 
the  orig.  oil 

Acetate 

7c 
Alcohol 

7c 
Alcohol  in 
the  orig.  oil 

Ester 
number 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

94-04 
94-51 

94-  98 

95-  44 

95-  91 

96-  38 

96-  85 

97-  32 

97-  79 

98-  25 

78-  96 

79-  35 

79-  75 

80-  14 
80-53 

80-  92 

81-  32 

81-  71 

82-  10 
82-50 

92-  98 

93-  53 

94-  07 

94-  62 

95-  17 

95-  72 

96-  27 

96-  82 

97-  37 
97-92 

94-  76 

95-  23 

95-  70 

96-  17 
96'64 

97-  11 

97-  58 

98-  05 

98-  52 

99-  00 

79-  68 

80-  08 
80-48 

80-  87 

81-  66 

82-  06 
82-45 

82-  85 

83-  25 

93-  83 

94-  38 

94-  93 

95-  48 

96-  59 

97-  14 

97-  70 

98-  25 
98-81 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

211 
212 
213 
214 

98-  72 

99-  19 
99-66 

100-12 

82-  89 

83-  28 

83-  67 

84-  07 

98-  48 

99-  03 
99-59 

100-14 

99-47 
99-94 
100-41 

83-  64 

84-  04 
84-44 

99-37 
99-93 
100-49 

211 
212 
213 
214 

Table  in.— Geeanyl  tiglinate:  C4H7CO2C10lT 


Ester 
number. 

Per  cent. 
Ester. 

Ester 
number. 

Per  cent. 
Ester. 

Ester 
number. 

Per  cent. 
Ester. 

Ester 
number. 

Per  cent. 
Ester. 

Ester 
number. 

Per  ceut. 
Ester. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0-42 

0-  84 

1-  26 

1-  69 

2-  11 
2-53 

2-  95 

3-  37 

3-  79 

4-  21 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

8-  85 

9-  27 
9-69 

10-11 
10-54 

10-  96 

11-  38 

11-  80 

12-  22 
12-64 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

17-28 

17-  70 

18-  12 
18-54 

18-  96 

19-  38 

19-  80 

20-  23 
2065 

21-  07 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

25-  71 

26-  13 
26-55 

26-  97 

27-  39 

27-  81 

28-  23 

28-  65 

29-  08 
29-50 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

34-13 
34-55 

34-  98 

35-  40 

35-  82 

36-  24 

36-  66 

37-  09 
37-51 
37-93 

11 

12 
13 
14 
15 

16  1 
17 
18 
19 

20  1 

4-  63 

5-  05 
5-47 

5-  90 

6-  32 

6-  74 

7-  16 

7-  58 

8-  01 
8-43 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

13-06 
13-49 

13-  91 

14-  33 

14-  75 
1517 

15-  59 
1601 

16-  44 
16-86 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

21-49 

21-  91 

22-  33 

22-  75 

23-  18 

23-  60 

24-  02 
24-44 

24-  87 

25-  29 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

29-  92 

30-  34 

30-  76 

31-  18 

31-  61 

32-  03 
32-45 

32-  87 

33-  29 
33-71 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

38-35 

38-  77 

39-  19 

39-  62 

40-  04 
40-46 

40-  88 

41-  30 

41-  72 

42-  14 

9 
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Absorption  Processes. — Numerous  constituents  of  essential 
oils,  which  are  themselves  insoluble  in  water,  or  practically 
so,  readily  form  soluble  compounds  with  certain  inorganic 
bodies.  Such,  for  example,  are  many  aldehydes,  which  form 
soluble  compounds  with  a  solution  of  sodium  bisulphite 
NaHS03,  and  phenols  such  as  eugenol,  which  forms  a 
soluble  salt  with  potassium  hydroxide.  Upon  this  principle 
depend  the  quantitative  absorption  processes  which  are 
frequently  used  in  the  examination  of  essential  oils. 

The  most  useful  method  of  determining  the  absorbable 
constituents  is  as  follows.    From  5  to  10  c.c.  of  the  oil  are 
measured  carefully  into  a  flask  capable  of  holding  about 
200  c.c,  having  a  long  narrow  neck  graduated  into  ^  c.c. 
Excess  of  the  absorbing  solution — in  the  case  of  cassia  oil,  for 
example,  hot  nearly  saturated  solution  of  sodium  bisulphite, 
in  the  case  of  oil  of  cloves,  aqueous  solution  of  potash — is 
then  added  and  the  whole  is  well  shaken  and  allowed  to 
stand  for  a  time.    More  of  the  solution  is  then  added  to 
nearly  fill  the  flask  and  the  whole  is  allowed  to  stand  in  the 
water  bath  until  any  crystals  formed  are  dissolved,  and  the 
oily  layer  of  unabsorbed  residue  rises  to  the  surface.  More 
solution  is  carefully  poured  in,  and  the  oily  layer  forced  up 
into  the  graduated  neck,  when  its  volume  is  read  off.  Two 
precautions  must  here  be  taken.    Firstly,  the  temperature 
at  which  the  oil  is  first  measured,  and  that  at  which  the  un- 
absorbed residue  is  measured,  must  be  identical.  Secondly, 
it  must  be  remembered  that  the  measurements  only  give  the 
volume  percentages,  hence  to  determine  the  percentage  by 
weight  it  is  necessary  to  know  the  specific  gravity  of  the  oil 
and  of  the  non-absorbable  residue.    Of  course,  the  latter  can 
be  separated  and  weighed,  but  the  advantages  of  this  are 
more  than  counterbalanced  by  the  loss  in  weight  experienced 
whilst  removing  the  last  traces  of  water. 

Aldehydes  and  ketones  are  the  bodies  most  usually  esti- 
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mated  by  absorption,  and  although  the  use  of  sodium  bisul- 
phite is  general,  Burgess  prefers  the  use  of  neutral  sodium 
sulphite,  and  as  he  has  carefully  examined  the  various  ab- 
sorption processes,  it  is  advisable  to  quote  in  extenso  from  his 
paper  (Analyst,  March,  1904).  He  classifies  and  criticises  the 
various  processes  as  follows  : — 

1.  By  treatment  of  the  substance  with  a  strong  solution 
of  bisulphite  of  soda  or  potash. 

The  directions  for  carrying  out  this  process  as  prescribed 
in  the  various  text-books  are  as  diverse  as  they  are  numerous, 
but  the  general  consensus  of  opinion  seems  to  indicate  a 
strongly  acid  solution,  and  in  some  cases  the  presence  of 
acetic  acid ;  others,  however,  advise  the  use  of  alkalies,  such 
as  sodium  carbonate.    In  considering  these  methods,  it  must, 
of  course,  be  borne  in  mind  that  some  are  well  suited  to  the 
preparation  of  the  aldehydes  or  ketones  in  a  state  of  purity, 
whilst  others  are  better  adapted  for  their  estimation.  The 
latter  is  the  question  which  the  present  communication  more 
particularly  deals  with. 

The  change  which  takes  place  with  bisulphite  of  soda  or 
potash  is  indicated  by  the  following  general  equation  :— 

ECHO  +  NaHS03  =  ECH^**  T 

\bO3JNa 

2.  By  a  condensation  product  formed  with  cyanacetic 
acid  in  the  presence  of  potassium  hydroxide.  The  reaction 
that  takes  place  for  aldehydes  is  as  follows :  

BCHO  +  CH2CN  .  COOH  =  BCH  :  c(™0R  +  ^ 

3.  By  shaking  the  oil  with  a  saturated  solution  of  sodium 
salicylate.  There  seems  to  be  evidence  of  the  formation  of  a 
weak  molecular  compound,  and  with  cinnamic  aldehyde  well- 
defined  crystals  have  been  obtained  which  give  on  analysis 

^  Sodium    ....  .      .  Theor7%ical- 

11.  Sodium  salicylate    .       .       53-5     ,       [  5i.Q 
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4.  Titration  Method— By  treating  aldehydes  or  ketones 
with  an  alcoholic  solution  of  hydroxylamine-hydrochloride, 
when  oximes  are  formed,  advantage  being  taken  of  the  fact 
that  the  unused  hydroxylamine  .  may  be  easily  titrated  back. 
The  reaction  is  shown  in  the  following  equation  : — 

ECHO  +  H.2NOH  =  ECH  .  NOH  +  H20. 

5.  Another  Method,  recently  suggested  by  Hanus,  for  Gin- 
namic  Aldehyde.—  By  treatment  with  an  aqueous  solution  of 
semioxamazide,  when  a  crystalline  semioxamazone  is  formed, 
which  is  filtered  off,  dried  and  weighed. 

6.  The  method  to  which  particular  attention  is  now 
directed,  and  which  gives  accurate  results  with  nearly  all 
aldehydes  and  ketones  generally  met  with,  is  carried  out  by 
heating  the  oil  containing  aldehydes  or  ketones  with  a  neutral 
saturated  solution  of  sodium  sulphite,  a  soluble  sulphonate 
being  formed.  In  the  case  of  citral  the  following  reaction 
takes  place : — 

C0H16CHO  +  2Na,SO>  +  2HaO  =  C9H17(NaSO,)aCH  ■  OH  ■  S03  * 

Na  +  3NaOH. 

Advantage  is  taken  of  the  fact  that  an  alkali  is  quantitatively 
liberated,  and  may,  by  adding  an  indicator  such  as  phenol- 
phthalein,  be  used  to  determine  the  end  of  the  reaction. 

The  details  for  using  the  first  three  methods  can  be  found 
in  various  memoirs,  and  a  description  of  the  same  as  particu- 
larly applied  to  the  estimation  of  citral  is  given  in  the  Journal 
of  S.  C.  I.,  December,  1901.  Since  that  date  the  sulphite 
method  has  been  further  investigated,  and  found  to  apply 
equally  well  to  most  of  the  essential  oils  containing  either 

aldehydes  or  ketones. 

The  objections  to  the  use  of  methods  Nos.  1,  2,  3,  4  and  5 

1.  The  verv  long  time  required  for  shaking  ;  the  difficulty 
of  determining  when  all  the  aldehydes  are  combined ;  the 
impossibility  of  reading  the  meniscus  with  accuracy,  owing  to 
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the  insoluble  crystalline  mass,  often  accompanied  with  resinous 
bodies,  floating  at  the  division  of  the  liquids. 

2.  This  method  invariably  gives  too  high  results,  especially 
with  oils  containing  high  percentages ;  no  clear  meniscus  is 
formed. 

3.  Oils  containing  different  percentages  of  aldehydes  and 
ketones  require  different  treatment  with  regard  to  the  quantity 
of  hydroxylamine  and  bicarbonate  of  soda  required,  and  no 
definite  instructions  for  the  use  of  the  process  can  be  pre- 
scribed, which  will  apply  to  all  oils. 


Substance. 

Weight 
taken. 

Bicar- 
bonate 
Soda. 

Mol. 
Bicar- 
bonate. 

Hydijox- 
ylamine 
taken , 
— P  P  N 

NaOH. 

Hydrox- 
ylamine 
used. 

Time  of 
Heating 
(minutes). 

Per- 
centage. 

Benzaldehyde 

1-034 

0-4 

0-5 

124 

91 

30 

93-3 

»j  • 

1-039 

0-8 

1-0 

124 

94 

30 

95-9 

»»  • 

1-037 

0-8 

1-0 

378 

85 

60 

86-9 

» » 

0-935 

1-1 

1-5 

378 

79 

30 

89-6 

0-900 

1-0 

1-5 

150 

75 

60 

88-3 

Carvone 

1-411 

0-8 

1-0 

378 

90 

30 

95-7 

a  * 

1-410 

0-8 

1-0 

378 

83 

60 

88-9 

» »           •  • 

1-408 

1-1 

1-3 

378 

89 

30 

94-8 

ii           •  • 

1-346 

1-0 

1-3 

150 

80 

60 

89-2 

Caraway  oil . 

2-135 

1-0 

150 

78 

60 

54-8 

Citronellal  . 

1-276 

0-35 

0-5 

124 

40 

30 

48-3 

ii         •  • 

1-308 

0-7 

1-0 

124 

61 

30 

71-8 

ii         •  • 

1-320 

1-1 

1-5 

378 

50 

30 

58-3 

Cuminic  aldehyde 

1-442 

0-4 

0-5 

124 

91 

30 

93-4 

ii 

1-459 

0-8 

1-0 

124 

93 

30 

94-3 

4.  The  objection  to  this  method  lies  in  the  fact  that  not 
only  aldehydes,  but  nearly  all  oxygenated  constituents,  are 
absorbed  by  this  reagent;  but  it  will  give,  under  definite 
conditions,  figures  of  considerable  value  in  essential  oils  co  n- 
taining  mixtures  of  alcohol,  esters,  and  aldehydes  with  terpenes, 
which  will  apply  to  all  cases. 

Estimation  in  Essential  Oils  by  the  Sulphite  Method.  

With  regard  to  the  determination  of  aldehydes  and  ketones, 
essential  oils  may  be  conveniently  divided  into  two  classes  — 
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those  in  which  the  estimation  is  made  directly  on  the  oil,  and 
those  in  which  the  amount  is  too  small  to  allow  of  direct 
estimation,  but  where  preliminary  concentration  is  necessary, 
such  as  citron,  lime,  lemon  and  orange  oils.  In  cases  in 
which  direct  estimation  on  the  oil  is  possible,  the  procedure 
is  as  follows :  5  c.c.  of  the  oil  are  introduced  into  a 
200  c.c.  flask,  having  a  neck  graduated  to  5  c.c.  in  j^th  of  a 
c.c,  with  a  side  tubulus  reaching  to  the  bottom  of  the  flask 
for  introducing  the  oil,  reagents  and  water.  To  the  measured 
oil  is  added  a  saturated  solution  of  neutral  sulphite  of  soda 
and  two  drops  of  ordinary  phenolphthalein  solution ;  it  is  then 
placed  in  a  water  bath  and  thoroughly  shaken,  when  a  red 
colour  is  quickly  produced.  It  is  carefully  neutralised  with 
1  to  10  solution  of  acetic  acid  until,  after  the  addition  of  a 
few  drops  of  acid,  no  further  colour  is  produced.  The  oil  is 
then  run  up  into  the  graduated  neck,  and  when  cold  carefully 
read.  The  difference  between  o  c.c.  and  the  reading  will  give 
the  amount  absorbed,  and  this  multiplied  by  20  the  percentage. 

The  following  are  results  obtained  by  this  process  ;  in 
each  case  the  substance  has  been  further  carefully  examined, 
both  chemically  and  physically,  and  in  all  cases  represents  a 
pure  or  commercially  pure  article. 

Aldehydes,  Ketones  and  Oils  on  which  a  Dieect 
Determination  can  be  made. 

Oil  of  Almonds  (Bitter). — The  method  answers  well  in 
the  case  of  this  oil. 

Benzaldehyde. — The  chief  constituent  of  oil  of  almonds 
is  completely  absorbed,  even  in  the  cold,  giving  a  clear 
solution.  Experiments  made  on  a  mixture  of  pure  benzalde- 
hyde and  limonene  which  had  been  carefully  redistilled  over 
sodium  several  times  gave  theoretical  results. 

Keaction  seems  to  take  place  according  to  the  following 
equation  : — 
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C„H5CHO  +  Na.,S03  +  H,0 
106 

  ri  IT  prr  /OH 

-  ^ti^ti .  \S0;3Na  +  NaOH 

40 

The  following  data  are  confirmatory : — 

Took  5*3  grammes  benzaldehyde  and  12'6  grammes  of 
crystallised  sodium  sulphite  (theoretical  amount)  and  titrated 
with  N  acid.    Eequired  : — 

Exp.  NaOH.  Calc. 

1  .       .      44-2  c.c.  =  1-8   grammes    ...  2-0 

2  .       .      45-6  „    =  1-82       „         ...  2-0 

Well-defined  crystals  are  formed  in  the  neutralised  solution 
on  standing.  On  examination  they  proved  to  be  identical 
with  the  ordinary  bisulphite  addition  product,  as  the  alde- 
hyde is  again  liberated  by  the  addition  of  acids  or  alkalies. 

Anisal. — Gives  theoretical  results  and  a  clear  solution. 
Mixtures  of  pure  aldehyde  and  limonene  gave  theoretical 
results. 

Caraway  Oil. — The  method  will  be  found  very  useful  for 
this  oil,  the  only  convenient  test  for  the  valuation  of  the  oil 
up  to  the  present  being  its  specific  gravity,  from  which  is 
calculated  the  percentage  of  carvone  present,  on  the  assump- 
tion that  the  oil  only  consists  of  limonene  and  carvone.  But 
this  is  not  sufficient  to  detect  adulteration. 

Carvone,  as  may  be  inferred  from  the  above,  is  readily 
absorbed  by  this  reagent,  giving  theoretical  results.  A  similar 
reaction  to  that  which  occurs  in  the  case  of  benzaldehyde 
probably  takes  place  with  this  ketone  : — 

C9H14CO  +  Na.,S03  +  H.,0 
150 

=  C9HuC<(^Na  +  Na0H 

Took  7 "5  grammes  carvone  and  titrated  with  N  acid.  Ee- 
quired :  49'4  c.c.  =  1-98.    Calculated  2'0  grammes  NaOH. 
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Cassia  and  cinnamon  oils  both  give  good  results.  Large 
amount  of  phenolphthalein  required. 

Cinnamic  aldehyde,  the  chief  constituent  of  the  above 
oils,  also  gives  theoretical  results.  The  following  equation 
probably  shows  the  reaction  that  here  takes  place : — 

C6H5 .  CH  :  CHCHO  +  2Na2S03  +  2H,0 
132 

=  C0H5 .  CHS03Na  .  CHOH  .  CH<^**Na  +  2NaOH 

Took  3'3  grammes  of  aldehyde.  Required  46-5  c.c.  N  acid  = 
1'86  NaOH.  Calculated  2*0  grammes.  The  same  reaction 
probably  applies  in  the  case  of  citral  and  citronellal  and  all 
olefinic  aldehydes. 

Citral. — As  has  been  shown  elsewhere,  the  method 
answers  well,  giving  theoretical  results. 

Citronellal  forms  a  milky  solution,  and  at  first  is  very 
frothy.  Consequently  care  must  be  taken  that  none  is  lost 
through  this  cause.  The  reaction  takes  a  considerable 
time  and  heating  to  complete  the  reaction,  but  gives  good 
results. 

Oil  of  Cumin. — Litmus  solution  will  be  found  a  better 
indicator  for  this  oil.  A  genuine  oil  gave  24  per  cent,  cumic 
aldehyde. 

Cumic  aldehyde  at  first  forms  a  solid  compound,  but  on 
heating  with  the  addition  of  acetic  acid  goes  into  a  clear 
solution.    Litmus  should  be  used. 

Oil  of  Dill. — In  the  case  of  this  oil  the  method  will  be 
found  extremely  useful,  as  the  carvone  may  be  estimated  with 
accuracy. 

Oil  of  Lemon-grass. — The  method  with  this  oil  works 
remarkably  well,  giving  a  sharply  defined  meniscus.  It  has 
been  shown  by  Parry  that  acetone  is  sometimes  added  to 
make  the  oil  pass  the  solubility  test.  This  would  also  show 
as  aldehyde  by  the  absorption  method.    Shaking  the  oil  with 
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water,  or  determination  of  its  refractive  index,  will,  however, 
:at  once  indicate  oils  thus  sophisticated. 

Oil  of  Pennyroyal. — With  this  oil  phenolphthalein  does 
not  act  well  as  an  indicator.  Litmus  is  better.  A  recent 
•oil  gave  16  per  cent,  pulegone. 

Pulegone. — This  gives  theoretical  results. 

Oil  of  Spearmint. — The  method  is  valuable  in  the  case  of 
this  oil  and  works  well,  giving  a  clear  solution.  Genuine 
•oils  give  about  62  per  cent,  carvone. 

Oils  of  Tansy,  Thuja  and  Wormwood. — The  method  is 
useless  for  these  oils,  for  the  reason  that  thujone,  the  active 
'Constituent  of  these  oils,  does  not  form  a  compound  with  the 
reagent. 

Nonyl  and  Decyl  Aldehydes. — Considerable  time  and 
heating  are  required  to  complete  the  reaction  with  these 
-substances,  but  good  results  may  be  obtained. 

Oils  in  which  a  Direct  Estimation  of  Aldehydes  and 
Xetones  cannot  be  made. — In  this  class  there  are  only  four 
of  importance— vis.,  citron  or  cedrat,  lemon,  hand-pressed 
lime  and  orange  oils ;  and  it  will  be  convenient  to  consider 
the  estimation  of  citral  in  lemon  oil  first,  as  the  same  method 
and  remarks  will  apply  in  many  respects  to  the  other  three 
•oils. 

Lemon  Oil. — As  this  oil  contains  only  a  small  percentage 
•of  total  aldehydes,  and  consists  chiefly  of  the  inodorous 
hydrocarbon  limonene,  it  is  necessary  to  carefully  fractionate 
-out  the  hydrocarbons,  and,  while  doing  this,  the  analyst  may 
•come  to  a  more  definite  knowledge  of  the  genuineness  of  the 
•oil  if  the  following  procedure  be  adopted. 

The  method,  as  particularly  applied  to  lemon  oil,  was  first 
suggested  in  a  paper  read  before  the  Society  of  Chemical 
Industry  in  December.  1901,  and  since  that  time  has  been 
ifurther  investigated  as  a  general  method  for  other  oils  of  a 
similar  type,  and  for  convenience  is  again  described. 
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Having  first  determined  the  specific  gravity  at  15°  C,  the 
rotation  in  a  100  mm.  tube  by  sodium  light,  and  the  re- 
fractive index  at  20°  C,  the  oil  is  next  distilled,  and  this,  if 
carried  out  carefully,  will  show  any  adulteration.  One 
hundred  c.c.  of  the  oil  to  be  examined  are  put  into  a  distilling- 
flask  having  three  bulbs  blown  in  the  neck,  and  fitted  with 
cork  and  thermometer.  This  is  connected  to  a  condenser 
with  a  suitable  receiver,  having  two  vessels  graduated  at 

10  c.c.  and  80  c.c.  respectively.  A  Briihl's  apparatus  answers 
the  purpose  very  well.  The  whole  is  exhausted,  and  a 
pressure  of  not  more  than  15  mm.  should  be  obtained.  The 
flask  is  now  gently  heated  by  means  of  an  oil  bath,  and  10  c.c. 
distilled  into  the  first  tube.  The  next  vessel  is  then  put  into 
position  and  the  distillation  continued  until  80  c.c.  have  dis- 
tilled over.    The  pressure  is  now  relieved,  and  the  residual 

011  in  the  flask  distilled  over  with  steam.  The  quantity  so 
obtained  should  be  carefully  noted.  Then  the  differences  in> 
rotation  and  refractive  index  of  fraction  1  and  those  of  the 
original  oil  will  indicate  added  turpentine ;  fraction  2,  lemon 
terpenes ;  fraction  3,  the  total  amount  of  oxygenated  con- 
stituents— i.e.,  terpeneless  oil  and  the  amount  of  aldehydes. 

The  aldehyde  should  be  estimated  on  this  fraction  after 
the  above  two  constants  have  been  taken  in  exactly  the  same 
manner  as  previously  described.  For  example,  supposing 
7  c.c.  of  oil  were  obtained  for  the  third  fraction,  and  that,  of 
the  5  c.c,  21  c.c.  were  absorbed  in  the  aldehyde  determina- 
tion, the  percentage  of  citral  in  the  original  oil  would  be 

1QQ  =  2"9  Per  Cent-     A  feW  remarks  here  as  to  the 

percentage  of  citral  contained  in  lemon  oil  may  not  be  out  of 
place,  especially  as  the  subject  is  one  that  has  recently  been 
the  cause  of  dispute  among  several  essential  oil  analysts. 

The  percentage  given  by  this  method  is  somewhere  about 
3  per  cent,  for  genuine  oils,  whereas,  up  to  some  four  years  ago, 
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7  to  7'5  per  cent,  was  the  only  figure  that  could  be  recognised 
as  compatible  with  a  genuine  oil. 

This  higher  percentage  is  still  maintained  by  some  analysts,, 
both  English  and  Italian,  although  there  is  no  known  method 
that  will  give  directly  or  indirectly  a  figure  anywhere  ap- 
proaching this  percentage.  The  facts  admitted  on  all  sides 
are : — 

1.  That  a  genuine  oil  does  not  yield  more  than  from  5  to 
6  per  cent,  of  concentrated,  i.e.,  terpeneless,  oil. 

2.  The  oxygenated  constituents  in  the  90  per  cent,  or  so^ 
of  terpenes  distilled  are  less  than  1  per  cent. 

3.  A  concentrated  oil  never  contains  more  than  50  per 
cent,  of  aldehydes,  the  average  being  46  per  cent. 

On  the  face  of  these  facts,  admitted  by  all  experts,  it  seems, 
inconceivable  that  any  analyst  should  maintain  a  7  per  cent, 
standard,  as,  taking  an  oil  yielding  at  the  highest  6  per  cent, 
of  concentrated  oil,  only  half  or  3  per  cent,  of  this  would  be 
of  an  aldehydic  nature. 

Such  guaranteed  7  per  cent,  oils  must,  of  necessity,  be 
very  misleading  to  consumers  and  manufacturers,  and  tend 
to  place  the  analysts  in  a  very  false  position,  as  on  such  certifi- 
cate a  manufacturer  of  concentrated  oils  would  expect  a  yield 
of  12  per  cent,  at  least  of  terpeneless  oil ;  but,  as  above 
mentioned,  this  is  not  the  case. 

Hand-pressed  Lime  Oil. — The  method  as  above  described 
for  lemon  oils  is  equally  useful  for  the  determination  of  citral 
in  this  oil,  which  should  contain  about  8  per  cent,  of  this  con- 
stituent. 

This  distillation  method  would  at  once  show  the  addition 
of  lemon  or  orange  oil. 

Citron  or  Cedrat  Oil.—  Consists  chiefly  of  citral  and 
limonene  {vide  Analyst,  October,  1901).  The  same  method 
of  distillation  may  be  used.  A  genuine  oil  should  contain 
about  4  per  cent. 
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Oil  of  Orange. — This  oil  consists  chiefly  of  limonene  and 
a  small  quantity  of  decylic  aldehyde.  The  distillation  method 
is  useful  in  detecting  adulteration  with  cheaper  oils  of  the 
citrus  series. 

The  rotation  of  the  first  10  c.c.  should  always  be  higher 
than  that  of  the  original  oil,  and  the  aldehydes  may  be  de- 
termined on  the  third  fraction.  A  typical  sweet  orange  oil 
gives  about  0"75  to  1  per  cent. 

In  the  processes  mentioned  above,  it  must  be  remembered 
that  the  actual  results  are  only  approximate.  For  example, 
there  is  a  certain  small  amount  of  potash  used  in  the  ester 
process,  by  action  on  bodies  which  are  not  esters  but  which 
are  readily  susceptible  to  the  action  of  so  strong  a  body  as 
caustic  alkali.  But  the  whole  of  the  potash  used  is  calculated 
to  esters,  which  will,  in  general,  then,  be  returned  a  trifle 
too  high.  The  action  of  acetic  anhydride,  too,  is  powerful, 
and  it  is  probable  that  in  very  few,  if  in  any,  cases  does  the 
reaction  take  place  in  the  simple  theoretical  manner,  upon 
the  assumption  of  which  our  calculations  are  based.  Again, 
in  absorption  processes,  errors  arise  either  by  secondary 
reactions  taking  place,  such  as  when  citral  is  absorbed  by 
bisulphite  of  sodium  solution,  or  by  the  incomplete  absorption 
•of  the  absorbable  body,  or,  lastly,  by  the  solution  of  small 
quantities  of  the  non-absorbable  bodies.  In  oil  of  cloves, 
where  the  eugenol  is  estimated  by  absorption  by  caustic 
potash,  if  the  solution  of  potassium  eugenol  be  separated 
•off  and  extracted  with  ether,  it  is  possible  to  obtain  small 
quantities  of  the  sesquiterpene,  caryophyllene,  which  have 
been  dissolved  by  the  potassium  eugenol  solution.  The 
reader's  attention  is  drawn  to  these  facts,  not  with  a  view 
to  depreciate  the  value  of  the  processes,  which  are  amongst 
the  most  important  of  all  those  used  in  the  examination  of 
essential  oils,  but  to  accentuate  the  fact  that  the  estimations 
•of,  say,  citral  in  lemon-grass  oil,  or  santalol  in  santal-wood 
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oil,  are  not  quite  the  same  thing  as  the  estimation  of  the 
majority  of  inorganic  bodies,  where  determinations  can  fre- 
quently be  depended  on  to  xVth  per  cent. 

There  are,  of  course,  numerous  other  quantitative  pro- 
cesses having  great  value  in  the  examination  of  essential 
oils,  but  these  will  be  referred  to  in  the  sequel  as  occasion 
requires. 


CHAPTER  V. 


SYSTEMATIC  STUDY  OF  THE  ESSENTIAL  OILS. 

Two  methods  of  classification  of  the  essential  oils  are 
feasible :  either  by  grouping  thern  according  to  the  identity 
or  relationships  of  their  constituent  compounds,  or  according 
to  the  botanical  relationships  of  the  plants  yielding  them. 
The  latter  method  will  be  followed  in  this  work,  and  it  will 
be  seen  that,  although  numerous  exceptions  occur,  the  oils 
from  plants  of  the  same  family  very  frequently  contain  the 
same  compound  as  their  preponderating  constituent.  Prob- 
ably nearly  every  odoriferous  plant  contains  an  essential 
oil,  in  many  cases,  of  course,  only  in  minute  quantities,  but 
of  course  only  a  limited  number  have  been  separated  or 
examined.  In  the  present  chapter,  the  chief  of  those  which 
have  received  attention  at  the  hands  of  chemists  will  be 
described,  and  details  of  their  properties  and  constituents 
given  as  fully  as  space  will  allow.  The  accompanying 
botanical  groups  are  embraced  in  this  description  (p.  143). 

OILS  OP  THE  GYMNOSPERMS. 

Amongst  the  numerous  families  of  this  widespread  natural 
order,  the  pines,  firs,  larches,  cedars,  cypresses  and  junipers 
are  perhaps  the  best  known.  Most  of  them  yield  essential 
oils  from  the  leaves,  fruit  and  wood,  the  latter  also  frequently 
yielding  large  quantities  of  resin.  Of  these  the  following 
are  the  best  known,  and  many  of  them  are  in  very  common 
use : — 

(142) 
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Gymnosperms 


Natural  Order  - 
Natural  Orders. 

f 


Graminese 
Aroideae 
Monocotyledons      ■{  Liliaceae 
|  Iridaceae 
•    ^  Zingiberacese 


'  MonochlamydetB 


GamopetalcE 


Angiosperms  - 


Dicotyledons 


Polypetalce 


Coaiferse 


Natural  Orders. 

r  Piperaceae 

Cannabinaceae 

Myricaceae 

SalicineBe 

Chenopodiaceas 

Laurineae 

Myristicese 

Euphorbiacese 

Cupuliferae 
^  Santalaceae 

(  Labiatae 

I  Verbenaceae 

j  Convolvulaceae 

I  Jasmineae 

"j  Ericaceae 

!  Valerianeae 

j  Compositae 

L  Caprifoliaceas 

'  Umbelliferse 
Myrtaceae 
Rosaceae 
Leguminosae 
Saxifragaceae 
Hamamelideae 
Terebinthaceae 
Geraniaceae 
Tropseolese 
Rutaceae 
Zygopbylleae 
-  Anacardiaceae 
Burseraceoe 
Tiliaceae 
Malvaceae 
Terastroemiaceae 
Clusiaceae 
Dipterocarpeoe 
Polygalaceoe 
Cruciferae 
Resedaceoe 
Turneracete 
Cistineoe 
Ranunculacete 
Magnoliacece 
Anonacoe 
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I.  Wood  Oils. 

Cedar  Oil. — The  oil  usually  known  as  cedar  oil  or  cedar- 
wood  oil  is  obtained  by  distillation  of  the  wood  of  Juniperus 
virginiana,  the  Virginia  cedar,  one  of  the  family  of  the 
Cupressinece.  Other  cedar-wood  oils  are  occasionally  met 
with,  and  will  be  mentioned  later,  but  the  present  remarks 
apply  to  the  above-mentioned  oil. 

The  oil  is  generally  distilled  from  the  waste  shavings- 
from  lead  pencil  manufacture,  which  are  usually  plentiful 
when  the  pencils  are  cut  from  logs.  When  thin  sawn 
boards  are  imported  and  used,  the  refuse  is  much  smaller  in 
amount,  and  the  price  naturally  rises.  The  yield  of  oil 
obtained  varies  from  2*5  to  5  per  cent.  Juniperus  vir- 
giniana occurs  over  a  very  wide  area  in  America,  and  some 
of  the  finest  oil  is  obtained  from  the  Florida  cedar.  This  oil 
is  one  of  those  oils  which  is  indispensable  in  certain  classes- 
of  perfumery,  especially  in  fine  soap-making,  where  intensely 
"  sweet  "  odours  are  not  required.  The  wood  in  fine  powder 
finds  its  way  into  much  of  the  incense  and  similar  prepara- 
tions used  either  for  ceremonial  or  fumigating  purposes. 

The  oil  is  usually  of  a  brownish  colour,  but  it  can  be 
obtained  almost  water  white,  and  although  we  know  nothing 
definitely  of  what  change  occurs,  it  is  certainly  amongst  those 
oils  which  improve  in  quality  by  keeping. 

Pure  cedar-wood  oil  has  a  specific  gravity  of  from  "940 
to  -960,  and  is  always  laevo-rotary.  The  limits,  however, 
are  wide,  the  oil  varying  from  -  25°  to  -  40°.  According  to 
Schimmel,  80  per  cent,  distils  at  between  125°  and  155°  at 
a  pressure  of  14  mm.  The  refractive  index  is  very  high,  usu- 
ally exceeding  1*5,  and  often  rising  to  1'51.  It  is  very  insoluble 
in  alcohol,  1  part  requiring  10  to  20  parts  of  90  per  cent, 
alcohol  for  solution.  The  known  constituents  of  the  oil  are 
the  sesquiterpene  cedrene,  C]5H2.j,  and  the  oxygenated  body 
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cedar  camphor,  or  cedrol,  C15H2(iO.  The  former  body  has 
already  been  referred  to.  The  latter,  when  pure,  is  a  silky 
crystalline  mass,  with  pleasant  aromatic  odour,  melting  at 
about  78°  to  80°.  It  is  suggested  hy  Schimmel  that  cedrol 
is  not  a  normal  constituent  of  fresh  wood,  but  is  formed 
in  it  by  keeping  it  under  favourable  conditions.  This 
supposition  has  not,  however,  been  experimentally  justifiedl 
except  in  so  far  as  very  old  wood  yields  a  semi-solid  oil, 
which  deposits  much  cedrol  on  cooling.  At  all  events,  only 
a  small  quantity  occurs  in  normal  oils,  as  is  shown  by  the 
low  acetylation  figure.  If  the  oil  be  acted  upon  by  acetic 
anhydride,  and  the  resulting  product  saponified,  no  more 
than  from  6  to  8  per  cent,  of  cedrol  will  be  indicated.  It 
must  be  remembered,  however,  that  dehydration  takes  place 
to  a  small  extent  with  acetic  anhydride,  so  that  the  result 
may  be  somewhat  underestimated.  Ten  per  cent,  may  be 
regarded  as  the  maximum  usually  occurring  in  good  oils. 
The  figures  found  by  the  author  for  four  pure  samples 
(percentage  of  KOH  to  saponify  the  acetylated  oils)  are  as 
follows  :  2-32,  2'21,  213,  1*72. 

For  further  details  of  the  chemistry  of  the  oil,  reference, 
should  be  made  to  a  paper  by  Eousett  (Bull,  de  la  Soc, 
Chem.,  1897,  p.  485).  In  some  of  the  American  pencil 
factories  an  inferior  oil  is  obtained  by  condensing  the 
vapours  obtained  from  the  drying  chambers,  but  this  oil  is 
of  very  indifferent  odour  and  not  much  used. 

Oil  of  Jamaica  cedar  or  Honduras  cedar  is  distilled  from 
the  wood  of  Cedrela  odorata,  a  West  Indian  plant  of  an 
entirely  different  family.  This  oil  is  more  correctly  termed; 
cedrela-wood  oil,  and  will  be  referred  to  later.  Other  cedar 
oils,  which  have  a  right  to  the  name,  are  the  following. 
From  Cedrus  Libani,  the  enormous  tree  found  in  Lebanon 
and  Taurus,  and  now  a  favourite  in  English  grounds ;  this 
is  a  brown  oil  of  specific  gravity  about  '980  and  laevo -rotary 
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-  10°  to  -  20°.  From  Juniperus  Bermudiana ;  this  is  a 
light-coloured  and  pleasant-smelling  oil. 

Corinto  cedar-wood  oil  has  a  specific  gravity  of  about 
•906  and  is  laevo-rotary.  Its  botanical  origin  is  uncertain. 
A  Cuban  oil,  also  of  uncertain  origin,  is  dextro-rotary,  and 
contains  cadinene,  and  a  La  Plata  oil  is  optically  inactive. 
An  oil  from  Punta-Arenas  is  slightly  laevo-rotary,  of  low 
specific  gravity,  and  contains  cadinene.  These  oils,  of 
uncertain  botanical  origin,  however,  are  of  little  commercial 
importance. 

Pure  cedar  oil  is  fairly  cheap,  varying  in  price  (as  ob- 
tainable from  wholesale  houses)  from  Is.  9d.  to  4s.,  or 
thereabouts,  per  lb.,  according  to  quality.  Hence  it  is  not 
much  adulterated.  It  is  employed,  however,  to  adulterate 
other  oils,  notably  santal-wood  oil,  and  formerly  also 
patchouli  oil. 

Hayti  cedar- wood  oil  is  derived  from  an  unknown  source. 
Its  specific  gravity  is  0*961  and  rotation  -  15°.  It  contains 
about  three  times  more  alcoholic  bodies  than  the  ordinary 
cedar  oil.  It  also  contains  a  very  small  amount  of  free  acids 
and  of  esters. 

Quite  recently  an  oil  has  been  distilled  which  has  at- 
tracted some  attention,  as  it  is  said  to  have  a  therapeutic 
value  in  urinary  complaints.  This  is  the  oil  from  Gedrus 
Atlantica,  a  variety  of  Cedrus  Libani.  The  oil  has  a  specific 
gravity  0*951,  refractive  index  1-5119,  and  optical  rotation 
+  60°  32'.  It  contains  about  16  per  cent,  of  alcoholic  bodies. 
It  owes  its  peculiar  odour  to  the  presence  of  a  ketone  C9H140, 
which  has  been  termed  libanone,  and  which  yields  a  semi- 
carbazone  melting  at  159°  to  160°.  From  the  oil  was  also 
separated  dextro-cadinene,  having  a  specific  gravity  09212, 
optical  rotation  +  48°,  and  refractive  index  1*5094. 

Oil  of  Turpentine. — Numerous  members  of  the  family  of 
the  Goniferw  contain  large  quantities  of  resin,  and  an  oil  con- 
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sisting  almost  entirely  of  terpenes,  in  well-characterised  resin 
ducts  in  the  wood.   This  is  especially  the  case  with  the  various 
species  of  pine.     The  exudation  from  the  wood,  an  oleo- 
resin,  is  often  known  as  crude  turpentine.    Oil  of  turpentine, 
or,  as  it  is  generally  called,  turpentine  or  "  turps,"  is  the  oil 
obtained  by  distilling  this,  leaving  the  crude  resin  or  "  rosin  " 
behind.    Before  mentioning  the  chief  varieties  of  turpentine, 
it  will  be  convenient  to  briefly  describe  the  process  by  which 
it  is  obtained,  for  example,  in  the  United  States.  Here 
the  principal  source  of  the  oil  is  Pinus  Australis,  usually 
known  locally  as  the  yellow  or  Georgia  pine.    During  the 
autumn  and  winter  months  the  trees  are  "  boxed  ".  This 
operation  consists  in  making  excavations  of  characteristic 
shape  into  the  trunks  of  the  trees,  about  six  to  eight  inches 
above  the  roots.    These  excavations  or  "boxes"  are  made 
so  as  to  hold  from  one-half  to  one  gallon,  and  in  a  day  or 
two  after  they  have  been  made,  the  trees  are  barked  to  the 
height  of  about  three  feet  above  the  box,  and  some  of  the 
wood  is  also  scraped  off  and  hacks  are  made  in  the  wood  to 
allow  the  crude  oleoresin  to  exude  into  the  boxes.  This 
exudation  commences  about  March,  and  runs  to  the  end  of 
August,  and,  somewhat  more  slowly,  during  the  next  month 
or  two.    The  crude  turpentine  is  then  baled  out  into  rough 
barrels.    As  a  rule,  the  trees  are  hardly  worth  treating  for 
more  than  five  or  six  years,  as  the  oleoresin  then  yields  little 
oil.    Occasionally  great  exceptions  to  this  rule  are  found 
The  crude  turpentine  is  transferred  to  stills  and  subjected 
to  a  temperature  of  about  140°  C,  until  the  little  water  and 
volatile  impurities  present  are  driven  off.    Water  is  then 
added  to  the  still,  and  the  turpentine  oil  is  distilled  and 
separated  from  the  watery  layer.    It  is  transferred  to  oak- 
barrels  holding  about  three  hundredweight,  in  which  packages 
it  is  exported.    These  barrels  are  very  well  made,  and  when 
empty  are  always  worth  about  four  shillings.    Turpentine  is 
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a  colourless  liquid  when  pure,  but  easily  resinifies  and. 
darkens  on  exposure  to  the  air.  It  has  a  somewhat  un- 
pleasant odour,  and  is  not  used  for  perfumery  purposes  at 
all,  but  it  finds  very  extensive  employment  as  a  solvent,  and 
vehicle  in  the  manufacture  of  varnishes  and  paints.  It  is 
also  used  for  the  manufacture  of  medicinal  terebene,  and, 
to  a  certain  extent,  for  other  pharmaceutical  and  medicinal 
purposes. 

The   following  are  the  best-known  varieties  of   oil  of 
turpentine : — 

American  Turpentine. — This  is  chiefly  obtained  from 
Pinus  Australis,  but  also  to  a  certain  extent  from  Pinus 
taeda,  the  loblolly  pine.    It  is  a  colourless  limpid  liquid  of 
specific  gravity  '855  to  870.    It  used  to  be  invariably  dextro- 
rotary,  to  the  extent  of  about  +  10°  to  +  15°,  but  is  now 
usually  found  with  a  dextro-rotation  of  +  1°  to  +  5°,  and  often 
it  is  slightly  laevo-rotary.    This  alteration  is  due  to  the  ex- 
tension of  the  gathering  grounds  and  possibly  to  some  differ- 
ences in  the  method  of  collection.    It  commences  to  boil  at 
156°  to  157°,  and  in  good  samples  88  to  99  per  cent,  will 
distil  below  165°.    Its  chief  constituent  is  pinene  C10H10,  and 
a  little  dipentene  is  also  present.    Its  refractive  index  is  from 
1-4700  to  1-4730  at  20°  C. 

French  Oil  of  Turpentine— This  variety  is  chiefly  ob- 
tained from  the  oleoresin  ,of  Pinus  pinaster.  Here  again 
the  chief  constituent  is  the  terpene  pinene,  and  the  great 
difference  between  this  and  American  turpentine  lies  in  the 
fact  that  the  former  is  laevo-rotary,  about  -  18°  to  -  40°. 

German  Oil  of  Turpentine  is  chiefly  the  product  of  Pinus 
sylvestris,  but  Pinus  abies,  Pinus  vulgaris  and  Pinus  picea 
also  contribute  to  it.  Its  specific  gravity  is  '860  to  "870,  and 
it  is  dextro-rotary,  about  +  15°  to  +  20°.  It  contains  pinene 
and  sylvestrene. 

Russian  and  Swedish  Oil  of  Turpentine—  This  variety 
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is  almost  entirely  obtained  from  Pinus  sylvestris  and 
Pinus  ledebourdii.  In  general  properties  it  resembles 
German  oil,  but  it  is  rather  more  variable  in  specific 
gravity,  etc.  According  to  Tilden,  it  contains  as  much  as 
60  to  70  per  cent,  of  sylvestrene.  Its  specific  gravity  is 
usually  about  '870  to  "875,  and  its  boiling  point  about  170°. 
It  is  dextro-rotary  to  the  extent  of  +  20°.  Of  all  the  com- 
mercial turpentines  it  is  of  the  least  technical  importance. 
It  often  possesses  a  disagreeable  empyreumatic  odour,  due  to 
the  presence  of  the  products  of  destructive  distillation  of  the 
pine-wood. 

Indian  Turpentine. — This  turpentine,  distilled  from 
Pinus  longifolia,  has  a  specific  gravity  0*8741,  rotation 
+  0J  43'  and  distils  between  165°  and  180°  to  the  extent 
of  80  per  cent. 

Grecian  Turpentine. — This  oil  is  distilled  from  Pinus 
halepensis.  It  has  a  specific  gravity  0-8634,  rotation  +  77°  34 
and  refractive  index  1-4678.    It  distils  between  150°  and  155°. 

Other  less  important  turpentines  are  Hungarian  (from 
Pinus  pumilio) ;  Austrian  (from  Pinus  laricio) ;  Carpathian 
(from  Pinus  cembra),  and  Finnish  (similar  to  German).  In 
addition,  Venetian  turpentine  and  Canada  balsam  yield  oils. 
These  latter,  however,  have  practically  no  commercial  interest. 

The  terebene  of  pharmacy  consists  of  optically  inactive 
terpenes,  the  result  of  the  action  of  sulphuric  acid  on  turpen- 
tine, which  causes  a  certain  amount  of  isomerisation,  and 
also  changes  the  active  terpenes  into  their  inactive  variety. 
Eor  the  manufacture  of  this,  it  is  preferable  to  employ 
rectified  oil  of  turpentine.  Indeed,  for  pharmaceutical  pur- 
poses in  general,  it  is  usual  to  employ  turpentine  purified 
by  redistillation. 

Turpentine  is  sometimes  adulterated  with  petroleum  and 
with  rosin  spirit,  and  with  so-called  pine-tar  oil  (often  known 
as  pinolin),  and,  rarely,  with  volatile  portions  of  shale  oil  and 
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coal  tar.  It  is  itself  used  very  largely  to  adulterate  other 
essential  oils,  both  on  account  of  its  price  and  because  it  so 
closely  resembles  many  other  oils  in  chemical  constitution. 

The  accompanying  table  (p.  151)  is  given  by  Allen 
(Commercial  Organic  Analysis),  embracing  certain  pro- 
perties of  these  bodies. 

The  chief  points  of  importance  to  be  noted  in  the  ex- 
amination of  the  oil  are  the  specific  gravity,  boiling  point 
and  temperature  of  distillation,  optical  activity,  refractive  index 
and  flashing  point.  The  characters  of  the  fractional  distillates 
should  be  examined. 

Good  commercial  turpentine  has  a  specific  gravity  of 
"858  to  '870,  only  occasionally  passing  these  limits  slightly. 
Kussian  oil  has  a  higher  gravity — often  reaching  *875.  The 
optical  activity,  as  stated  above,  varies  with  the  source,  and 
this  factor  is  only  of  value  when  studied  in  conjunction  with 
the  other  features  of  the  oil.  The  boiling  point  is  usually 
155°  to  156°,  and  a  considerable  portion  distils  at  below  160°. 
In  the  best  class  of  oils  at  least  85  per  cent,  distils  below 
165°,  often  several  degrees  below  this  temperature.  Eussian 
oil,  on  the  other  hand,  distils  chiefly  between  170°  and  180°. 
When  adulterated,  the  temperature  of  distillation  rises 
gradually,  and  no  large  fractions  are  obtained  at  any  definite 
temperature  when  the  adulteration  is  at  all  excessive.  The 
presence  of  ordinary  petroleum  spirit  lowers  the  flash  point 
of  turpentine.  When  pure,  it  flashes  at  92°  to  95°  F.  when 
tested  in  Abel's  flash  point  apparatus.  With  only  1  per 
cent,  of  ordinary  petroleum  spirit  this  temperature  is  reduced 
by  10°. 

According  to  Armstrong,  a  good  indication  of  the  presence 
of  the  usual  adulterants  is  obtained  by  distillation  with  steam. 
A  current  of  steam  is  allowed  to  pass  into  a  definite  volume 
of  the  turpentine  contained  in  a  flask  attached  to  a  condenser. 
Unless  it  has  been  allowed  free  access  to  the  air  for  some  time, 
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the  genuine  oil  leaves  only  traces  of  non- volatile  matter,  but 
old  samples  may  leave  up  to  2  per  cent.  Usually,  however, 
the  presence  of  more  than  '5  per  cent,  after  steam  distilla- 
tion indicates  the  presence  of  unvolatilised  petroleum  oil. 
This  is  easily  recognised  by  its  low  specific  gravity  and  its 
fluorescence  when  dissolved  in  ether.  If  the  residue  consists 
of  resin  oil,  it  will  form  a  bulky  soap  when  rubbed  with 
slaked  lime.  The  specific  gravity  of  the  fractions  coming 
over  with  the  steam  will  largely  assist  in  determining  the 
presence  of  volatile  adulterants. 

For  the  approximate  estimation  of  the  amount  of  pe- 
troleum naphtha  in  adulterated  turpentine,  Armstrong  re- 
commends the  following  process  :  500  c.c.  of  the  sample  is 
placed  in  a  separator  and  treated  with  about  150  c.c.  of 
sulphuric  acid  (two  volumes  of  acid  to  one  of  water).  The 
mixture  is  cautiously  agitated,  and,  if  much  rise  of  tempera- 
'ture  is  observed,  the  separator  must  be  placed  in  cold  water 
for  a  short  time.    The  turpentine  is  gradually  converted 
into  a  viscid  oil,  and  when  this  has  taken  place,  and  no  more 
heat  is  developed  on  repeated  agitation,  the  acid  is  tapped  off. 
The  oily  layer  is  then  transferred  to  a  flask  and  subjected  to 
steam  distillation.    When  all  that  is  volatile  with  steam  has 
passed  over,  the  oily  portion  of  the  distillate  is  separated  from 
the  aqueous  layer,  and  heated  with  half  its  volume  of  sul- 
phuric acid  previously  diluted  with  one-fourth  of  its  measure 
of  water.    The  mixture  is  well   agitated,  the  acid  liquid 
separated,  and  the  oily  layer  again  distilled  with  steam. 
When  genuine  turpentine  is  operated  upon,  the  volatile 
portion  of  this  second  treatment  consists  merely  of  cymene 
and  a  small  quantity  of  paraffinoid  hydrocarbons.    It  never 
exceeds  4  to  5  per  cent,  of  the  volume  of  the  original  sample, 
and  with  care  is  as  low  as  3  per  cent.    If  the  volume  notably 
exceeds  5  per  cent.,  it  is  advisable  as  a  precaution  to  repeat 
the  treatment  with  the  (4  to  1)  acid.    When  treated  in  this 
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manner,   petroleum  naphtha  is  not  appreciably  affected, 
hence  the  proportion  may  be  fairly  estimated  by  making  an 
-allowance  of  4  to  5  per  cent,  from  the  volume  of  volatile  oil 
which  has  survived  the  repeated  treatment  with  sulphuric 
acid.    A  further  purification  may  be  effected  by  violently 
agitating  the  surviving  oil  with  several  times  its  volume  of 
•concentrated  sulphuric  acid  heated  to  50°  or  60°.    This  treat- 
ment can  be  repeated  if  necessary,  after  which  the  residual 
hydrocarbon  is  separated,  steam  distilled,  and  again  measured, 
when  the  surviving  oil  from  pure  turpentine  oil  will  not 
exceed  from  £  to  1  per  cent,  of  the  original  sample.  Any 
•excess  over  this   will  be  the  minimum  quantity  of  pe- 
troleum naphtha  present.    Shale  naphtha  cannot  be  at  all 
•estimated  in  this  way.    The  behaviour  of  the  oil  on  distillation 
is  the  best  indication  of  the  presence  of  rosin  spirit,  as  the 
temperature  rises  gradually,  and  no  considerable  fraction  is 
•obtained  at  158°  to  160°  if  much  rosin  spirit  be  present. 

In  his  studies  on  the  use  of  dimethyl  sulphate  for  the  de- 
tection and  the  estimation  of  tar  oils  in  mixtures  with  resin 
•oil  and  mineral  oil,  E.  Valenta  has  observed  the  behaviour 
•of  dimethyl  sulphate  towards  fatty  oils,  turpentine  oil  and 
pinolin.  Pinolin  and  turpentine  oil,  when  shaken  with  equal 
parts  of  dimethyl  sulphate,  cause  an  increase  in  the  volume 
•of  the  layer  of  dimethyl  sulphate,  as  about  30  per  cent,  of  both 
are  dissolved.  Pinolin  imparts  an  orange  colour  to  the 
mixture  ;  pure  turpentine  oil  does  not  colour  it,  but  a  mixture 
•of  turpentine  oil  and  dimethyl  sulphate  causes  a  large  increase 
in  the  temperature,  whilst  pinolin  with  dimethyl  sulphate' 
produces  a  scarcely  perceptible  rise  in  temperature.  The 
author  believes  that  these  reactions  can  be  employed  with 
advantage  in  testing  turpentine  oil  for  pinolin. 

According  to  Valenta,  pine-tar  oils  have  all  a  higher 
refractive  power  than  pure  oils  of  turpentine,  as  it  is 
usually  found  above  1-471,  a  figure  which  pure  turpentine 
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oils  seldom  reach.  As  a  distinguishing  reaction  between  pine- 
tar  oil  and  turpentine  oil,  Valenta  mentions  the  following : 
if  equal  volumes  of  1  per  cent,  gold  chloride  solution  and  oil 
of  turpentine  are  shaken  in  a  test  tube  and  placed  on  the 
water  bath,  heated  for  one  minute,  and  the  test  tube  is  then 
removed  and  shaken,  pure  turpentine  oils  only  show  a 
separation  of  gold  in  the  oil  film.  The  solution  itself  does- 
not  become  discoloured.  Pine-tar  oil  discolours  the  gold1 
solution  completely. 

For  the  purpose  of  distinguishing  turpentine  oil  from  pine- 
tar  oil,  the  reaction  observed  by  Herzfeld  (shaking  equal 
volumes  of  oil  and  a  solution  of  sulphurous  acid,  when  the 
layer  of  oil,  in  the  presence  of  pine-tar  oil,  acquires  a  yellowish 
green  colour)  is  useful.  Utz  also  employs  for  this  purpose 
the  following  reaction  :  equal  volumes  of  the  oil  and  of  solution 
of  stannous  chloride  are  mixed.  In  the  case  of  Austrian) 
turpentine  oil  the  reagent  became  yellow,  the  oil  colourless  ; 
with  Greek,  the  reagent  orange,  the  oil  yellow,  and  with 
American  turpentine  oil  the  reagent  orange  and  the  oil  yellow. 
The  solution  of  stannous  chloride  acquires  with  pine-tar  oil 
a  red  colour ;  the  oil  remains  yellow,  but  in  many  cases  the 
oil  itself  also  coloured  red.  The  reaction  also  takes  place  in 
mixtures  of  pine-tar  oil  with  turpentine  oil. 

The  British  Pharmacopoeia  (1898),  in  which  turpentine 
is  official,  requires  it  to  be  soluble  in  an  equal  volume  of 
glacial  acetic  acid,  and  to  boil  between  160°  and  180°. 

It  is  to  be  remembered  that  the  determination  of  the 
refractive  index  is  of  the  greatest  importance  in  testing  oil 
of  turpentine. 

Juniper-wood  Oil. — It  is  said  that  a  volatile  oil  is  obtained 
by  distilling  the  wood  of  Juniperus  communis  with  steam, 
but  commercial  juniper-wood  oil  is  merely  turpentine  distilled 
over  juniper-wood,  or  more  usually  a  mixture  of  juniper  berry 
oil  and  turpentine.    So-called  juniper-wood  oil,  however, 
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finds  a  certain  amount  of  employment  as  a  cheap  substitute 
for  the  oil  of  juniper  berries.  By  the  distinctive  distillation 
of  the  wood  of  Jwniperus  oxycedrus,  an  empyreumatic  oil 
known  as  oil  of  cade  (Oleum  cadinum;  huile  de  cade)  . 
is  obtained.  This  is  a  dark-brown  tarry  liquid  of  empy- 
reumatic odour,  employed  in  the  treatment  of  certain  skin 
diseases.  Its  principal  constituent  is  cadinene,  but  as  it  is 
not  one  of  the  essential  oils  proper  it  need  not  be  further 
discussed  here. 

II.  Fruit  Oils. 

The  most  important  oils  obtained  from  the  fruit  of  coni- 
ferous trees  are  juniper  (from  berries  of  Jwniperus  communis} 
and  fir  cone  oil  (from  cones  of  Abies  pectinata). 

Juniper  Berry  Oil. — The  plant  yielding  this  oil  is  Jwni- 
perus communis,  a  native  of  Greece,  and  widely  distributed 
over  Europe.  It  is  a  small  shrub  or  tree  varying  from  two  to- 
six  feet  in  height,  but  in  parts  of  Norway  it  forms  a  forest  tree 
some  thirty  to  forty  feet  in  height.  The  Italian  berries, 
however,  are  most  valued  for  oil.  According  to  Pereira,  the: 
juniper  of  the  Bible  was  a  leguminous  plant,  probably  the 
broom  or  furze  tree.  Fraas  considers  the  /ceSpo?  /xucpa  of 
Dioscorides  was  our  juniper.  The  plant  is  usually  dioecious, 
and  the  scales  of  the  cones,  when  ripe,  become  succulent,  and 
cohere  to  form  a  kind  of  berry  (galbulus).  These  berries  are 
rich  in  sugar,  and  by  their  fermentation  and  distillation  the 
well-known  beverage,  gin,  is  obtained,  which  owes  its  char- 
acteristic flavour  to  the  oil  of  juniper.  The  British  Pharma- 
copeia states  that  the  oil  is  distilled  from  the  full-grown 
unripe  fruit.  But  with  reference  to  this  point,  Schimmel 
(Report,  October,  1898,  p.  30)  states  that  "  this  is  an  error,, 
at  least  no  such  oil  is  distilled  on  a  large  scale.  It  is  an 
antiquated  idea,  originating  with  Zeller,  that  unripe  fruits- 
render  a  larger  yield  in  oil  than  ripe  ones.    In  any  case,  the 
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•oil  distilled  from  unripe  berries  in  all  essential  qualities  is 
inferior  to  normal  oil  of  ripe  fruits."  The  following  are 
given  by  Schimmel  as  the  average  yields  of  oil  from  plants 


The  only  constituents  of  oil  of  juniper  which  have  been 
ascertained  with  certainty  are  (1)  the  terpene,  pinene  C10H16 ; 
{2)  the  sesquiterpene,  cadinene  C15H24  ;  (3)  juniper  camphor, 
a  crystalline  body  probably  belonging  to  the  series  of  terpene 
alcohols.  According  to  Schimmel,  the  chief,  if  not  only, 
constituent  of  the  stearoptene  is  a  sesquiterpene  alcohol 
melting  at  165°  to  166° ;  (4)  and  a  small  amount  of  esters  not 
yet  fully  investigated,  but  of  which  the  principal  one  is  an 
•ester  boiling  at  about  180°,  probably  the  acetic  ester  of  the 
above-mentioned  alcohol. 

The  British  Pharmacopoeia  demands  that  the  specific 
gravity  of  the  oil  should  lie  between  '865  and  -890,  and  that 
it  should  be  soluble  in  4  volumes  of  95  per  cent,  alcohol.  The 
.age  of  the  berries  from  which  the  oil  is  distilled  produces  a 
marked  effect  on  the  specific  gravity  of  the  oil,  as  does  also 
the  time  for  which  the  latter  has  been  kept,  as  exposure 
to  the  air  causes  gradual  resinification.  The  solubility 
also  decreases  when  the  oil  is  kept.  Rectification  also 
naturally  alters  the  specific  gravity,  which  depends  chiefly 
on  the  relative  proportions  of  terpene  (sp.  gr.  =  "860)  and 
sesquiterpene  (sp.  gr.  =  -920).  The  limits  '865  and  . '900 
are  certainly  those  which  should  be  accepted  for  genuine, 
good  oils.  Its  refractive  index  is  from  l-4740  to  1-4880. 
The  approximate  proportions  of  pinene  and  cadinene  may  be 
judged  by  a  fractional  distillation,  as  pinene  boils  at  156° 
and  cadinene  at  274°.    The  results  vary  largely  according  to 


grown  in  certain  districts  : — 


Bavarian 
East  Prussian 
Thuringian  . 
Swedish 


1-2  per  cent. 
•6  per  cent. 
•7  per  cent. 
•5  per  cent. 


Italian 
Polish 
Hungarian 


1  to  1*5  per  cent. 

■9  per  cent. 
•8  to  1  per  cent. 
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the  fractionating  apparatus  used,  but  with  a  series  of  bulbs,, 
from  25  to  35  per  cent,  is  obtained  between  155°  and  160c, 
and  from  10  to  20  per  cent,  between  270°  and  280°.  The  oil 
is  nearly  always  laevo-rotary,  never  exceeding  -  12°,  usually,, 
in  the  author's  experience,  from  -  4°  to  -  6°.  It  is  rarely 
slightly  laevo-rotary.  With  our  present  knowledge  of  this, 
oil,  no  further  analytical  methods  are  yet  available.  Hun- 
garian juniper  berry  oil  is  often  laevo-rotary  to  the  extent  of 
- 18°.  A  good  juniper  oil  should  contain  sufficient  cadinene 
for  the  residue  after  distilling  off  80  per  cent,  to  have  a. 
refractive  index  of  T4900. 

Juniper  oil  is  of  considerable  commercial  importance. 
It  is  employed  largely  in  the  manufacture  of  artificial  gin,, 
which  is  a  spirituous  solution  which  is  not  obtained  by  the 
fermentation  of  the  berries.  Indeed,  essence  of  gin,  which  is 
chiefly,  if  not  entirely  a  solution  of  the  oil  in  alcohol,  is  a 
regular  commercial  article.  The  oil  is  also  employed  in 
medicine,  as  a  sudorific  and  diuretic.  The  berries  are 
imported  from  various  European  ports,  in  bags  and  barrels,, 
but  the  Italian  berries  are  preferred  to  all  others.  The 
importation  in  bags  is  becoming  less  common,  as  the  berries- 
are  very  liable  to  be  bruised,  when  fermentation  may  set  in. 

The  oil  from  the  berries  of  Juniperus  Phcenicea,  from 
Smyrna,  has  been  examined  by  Schimmel.  The  berries, 
which  are  bright  red,  yielded  1*  per  cent,  of  oil  of  specific 
gravity  '859  and  optical  rotation  -  4°  55'.  According  to 
Eodie,  this  oil  contains  an  aldehyde  and  a  considerable 
quantity  of  alcohols.  The  berries  of  Juniperus  oxycedrus 
(Dalmatian)  yield  an  oil  of  specific  gravity  "851  and  optical 
rotation  -  8°.  The  oil  from  Juniperus  oxycedrus  usually  has- 
a  specific  gravity  0'850  to  0'855  and  an  optical  rotation  -  4° 
to  -  9°. 

Fir  Cone  Oil. — This  oil,  obtained  from  the  young  cones 
of  Abies  pectinata  {Abies  excelsa),  is  sometimes  sold  under 
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the  name  of  pine  oil.  It  contains  very  little  bornyl 
acetate  (the  ester  characteristic  of  the  fine  pine  needle  oils), 
never  more  than  2  per  cent.,  but  consists  almost  entirely 
•of  £aei>o-pinene  and  laevo-\imorxene.  Its  specific  gravity  is 
about  "855  to  '865,  and  it  is  laevo-rotary  up  to  -  80°. 

The  oil  from  the  cones  of  Abies  alba  has  a  specific  gravity 
0-850  to  0-870  and  a  rotation  of  -  60°  to  -  75°.  It  contains  up 
to  4  per  cent,  of  esters  calculated  as  linalyl  acetate,  and  a 
large  amount  of  laevo-limonene.  That  from  the  cones  of 
Abies  reginai  Amalice,  a  fir  growing  in  the  forests  of 
Arcadia,  has  a  specific  gravity  0'868  and  a  rotation  of  -  20°. 
It  consists  almost  entirely  of  terpenes. 

III.  Leaf  Oils. 

Thuja  Oil. — This  oil  is  obtained  by  distillation  with  steam 
of  the  leaves  and  possibly  also  the  small  twigs  of  Thuja 
occidentalis,  the  well-known  arbor  vito3,  sometimes  also 
called  the  white  cedar.  The  yield  of  oil  is  from  "5  to  1  per 
cent.  It  is  almost  colourless,  but  by  oxidation  becomes 
slightly  greenish  or  yellow.  Its  odour  is  not  particularly 
pleasant,  somewhat  recalling  that  of  tansy  oil.  It  is 
frequently  adulterated  with  cedar,  oil,  pine-leaf  oils  or 
turpentine,  but  when  pure  has  a  specific  gravity  of  not  less 
than  -910,  usually  from  *915  to  -925.  Its  optical  activity  is 
given  by  Schimmel  as  -  5°  to  -  14°,  but  the  author  has 
found  genuine  oil  with  a  little  higher  rotation  than  this, 
so  that  -  5°  to  -  15°  may  be  regarded  as  outside  limits. 
The  earliest  scientific  investigations  of  this  oil  are  those  of 
Schweizer  and  Jahns,  but  that  of  Wallach,  undertaken  when 
our  knowledge  of  the  group  of  compounds  contained  in  the 
oil  was  a  little  more  advanced,  is  now  the  standard  work. 
The  chief  constituents  of  the  oil  are  pinene,  laevo-(enchone 
C10H1(;O,  and  the  isomeric  ketone,  thujone,  which  also  occurs 
in  the  oils  of  tansy,  wormwood  and  sage.    Traces  of  esters, 
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probably  of  acetic  and  formic  acid,  are  also  present,  and 
possibly  carvone.  A  small  quantity  of  laevo-borneol  or  its 
esters  is  also  present.  The  highest  boiling  constituents  of 
the  oil  have,  not  yet  been  thoroughly  examined,  but  Wallach 
believes  them  to  contain  the  last-named  body  in  the  inactive 
form.  A  pure  oil  should  have  the  characteristics  mentioned 
above,  viz.,  specific  gravity  -910  to  *925  ;  optical  activity 
-  5°  to  -  15°;  and  should  be  soluble  in  three  times  its 
volume  of  70  per  cent,  alcohol.  Thuja  oil  is  not  of  much 
commercial  importance. 

An  oil  has  been  obtained  from  the  roots  of  Thuja 
orientalis  with  a  specific  gravity  -979,  but  little  is  known 
of  its  composition.    Its  odour  resembles  thymo-quinone. 

Oil  of  Savin  is  obtained  from  the  fresh  twigs  of 
Juniperus  sabina.  It  is  an  oil  which  finds  but  a  limited 
employment  in  legitimate  pharmacy  as  a  uterine  stimulant 
and  emmenagogue.  It  is  of  no  value  for  perfumery  purposes, 
as  its  odour  is  somewhat  unpleasant.  It  is  occasionally 
used  for  criminal  purposes,  and  one  case  is  recorded  of  a 
medical  man  being  sentenced  to  transportation  for  having 
used  it  with  the  intention  of  procuring  abortion  (vide 
Medical  Times  and  Gazette,  17th  April,  1852,  p.  404).  It 
was  official  in  the  1885  British  Pharmacopoeia,  but  it  has 
■been  wisely  omitted  from  the  1898  edition.  The  yield  of  oil 
from  the  twigs  is  fairly  high,  varying  from  3  to  5  per  cent., 
and  the  oil  only  fetches  a  few  shillings  a  pound. 

The  oil  contains  a  number  of  constituents,  of  which 
Wallach  first  characterised  the  sesquiterpene,  cadinene.  A 
•considerable  proportion  of  terpenes  is  present,  which  appear 
to  consist  chiefly  of  pinene  with  some  sabinene.  The  most 
recent  work  on  the  subject,  however,  is  that  of  Fromm 
{Berichte,  1898,  p.  2025),  who  separated  the  oil  into  three 
main  portions  by  fractional  distillation.  The  earliest  distillate, 
below  195°,  contains  furfurol,  di-acetyl  and  methyl  alcohol' 
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(Schimmel),  but  consists  mainly  of  terpenes ;  the  middle  por- 
tion, 195°  to  235°,  consists  chiefly  of  ethereal  salts,  and  the 
last  portion,  235°  to  310°,  consists  of  cadinene  and  some 
resinous  bodies,  which  are  possibly  the  effects  of  heat  on? 
the  terpenes.     The  middle  fraction  yields  an  oil  boiling  at 
222°  to  224°,  which  was  shown  to  be  the  acetate  of  an  alco- 
hol C10H15OH,  which  the  author  terms  sabinol  and  which  is 
present  to  the  extent  of  10  per  cent.  (Schimmel  had  pre- 
viously identified  an  alcoholic  acetate,  but  the  formula  of  the 
alcohol  was  given  as  C10H17OH).    The  alcohol,  obtained  by 
hydrolysing  the  acetate,  is  a  colourless  oil,  boiling  at  208°  to 
209°,  and  with  only  a  faint  odour.     According  to  Schimmel 
(Report,  October,  1895,  p.  44),  the  amount  of  this  ester  present 
is  about  40  per  cent.,  and  there  is  in  addition  about  10  per 
cent,  of  the  free  alcohol  in  the  oil.     There  is  also  present  a. 
small  amount  of  either  an  aldehyde  or  a  ketone  boiling  between. 
220°  to  250°,  yielding  a  hydrozone  melting  at  41°  and  an  oxime 
melting  at  85°. 

A  pure  oil,  free  from  turpentine,  which  is  often  used  to 
adulterate  the  French  oil,  should  have  a  specific  gravity  of 
•910  to  -928,  and  should  be  dextro-rotary  +  40°  to  +  60°.  Its- 
refractive  index  is  1-4700  to  1-4770.  It  should  be  soluble  in  its- 
own  volume  of  90  per  cent,  alcohol,  and  should  not  yield 
more  than  25  to  28  per  cent,  of  distillate  below  200°.  Its- 
ester  number  should  be  between  110  and  130.  When  a 
sufficient  number  of  samples  have  been  examined,  it  may  be 
possible  to  fix  an  ester  and  alcohol  limit,  but  at  present  it 
would  be  unwise  to  do  so. 

According  to  Umney  and  Bennett,  the  French  savin  oil 
is  probably  distilled  from  the  leaves  and  twigs  of  Juniperus 
Ph(£nicea  which  accounts  for  its  difference  from  the  German 
and  English  distillates.  This  French  oil  has  a  specific 
gravity  about  0  890  ;  rotation  +  4°  30' ;  esters  9"3  per  cent.  ; 
total  alcohols  as  sabinol  171.     Schimmel  &  Co.,  on  the 
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other  hand,  describe  the  oil  from  the  leaves  of  this  plant  as 
having  the  following  characters :  specific  gravity,  0*8643 ; 
optical  rotation,  +  7°  20' ;  ester  number,  1*2.  They  consider- 
that  the  oil  of  Juniperus  thurifera  may  be  used  to  mix  with 
true  savin  oil  in  cases  where  certain  abnormal  oils  are  met 
with. 

Cedar-leaf  Oil. — The  true  cedar-leaf  oil  may  be  regarded 
as  the  distillate  of  the  leaves  of  Juniperus  virginiana,  the 
red  cedar,  but  the  confusion  implied  in  the  name  "  cedar  " 
is  reflected  in  the  enormous  variations  met  with  in  com- 
mercial samples  of  so-called  cedar-leaf  oils.     No  doubt  the 
leaves  of  Thuja  occidentalis  and  Chameecyparis  sphoeroidea 
contribute  largely  to  the  commercial  oil.     Brannt,  indeed, 
describes  the  oil  as  having  a  "penetrating,  disagreeable 
odour,"  and  as   "therefore   not    suitable   for  perfumery 
purposes  ".    As  a  matter  of  fact,  the  pure  oil  has  a  pleasant, 
sweet  odour,  and  possesses  a  specific  gravity  "883  to  '888. 
Its  optical  rotation  varies  from  +  55°  to  +  65°  (according 
to  Schimmel,  +  59°  25').    The  examination  of  a  pure  sample 
by  Schimmel  showed  that  it  contains  limonene,  cadinene, 
borneol  and  bornyl  esters,  probably  including  bornyl  vale- 
rianate ;  other  terpenes  are  also  present.     Commercial  oils 
have  specific  gravities  of  0 '860  to  0'920  and  optical  rotations 
of  -  3°  to  -  24°. 

The  true  Juniperus  virginiana  leaf  oil  is  more  expensive 
than  the  corresponding  oil  from  cedar-wood — being  worth 
from  three  to  five  times  as  much,  in  fact,  and  as  the  oils  from 
thuja  and  other  leaves  are  also  less  costly,  it  is  a  matter  of 
importance  that  the  oil  should  be  carefully  examined.  Six 
commercial  samples  and  one  pure  sample,  examined  by 
Schimmel  &  Co.,  gave  the  following  results  : — 
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Sp.  Gravity.  Optical  Rotation.  Solubility  in  70  °/0  Alcoliol. 


Pure  oil  . 

•887 

+  59°  25' 

very  insoluble. 

1 

•897 

-  12°  25' 

insoluble. 

2 

•886 

-  3°  40' 

insoluble. 

3 

•887 

-  24°  10' 

insoluble. 

4 

•920 

-  10u  25' 

soluble  in  4  parts. 

5 

•918 

-  10°  55' 

soluble  in  5  parts. 

6 

•905 

-  10° 

insoluble. 

Sequoia  Oil  is  obtained  from  the  leaves  of  Sequoia 
gigantea,  the  Californian  mammoth  tree.  Lunge  and  Stein- 
kauler  obtained  the  oil  from  smaller  ornamental  trees  grown 
in  Zurich.  The  first  portion  of  the  distillate  contained  a 
crystalline  hydrocarbon  C13H10,  melting  at  105°,  which  these 
chemists  termed  sesquoiene.  The  later  distillate  contained 
a  dextro-rotary  terpene  boiling  at  155°,  and  having  a  specific 
gravity  0'852  and  optical  rotation  +  24°,  and  an  oxygenated 
body  C10H2o03.  These  bodies  require  further  investigation, 
but  as  the  oil  has  no  commercial  importance,  it  has  not 
attracted  much  attention  so  far. 

Pine-needle  Oil. — There  are  few  oils  in  commerce  in 
regard  to  which  so  much  confusion  exists  as  in  the  case 
of  the  so-called  pine-needle  oil.  The  oils  from  the  leaves  of 
the  Coniferce  consist  so  largely  of  terpenes  that  much  of  the 
cheap  commercial  oil  consists  largely  of  turpentine,  either 
mixed  with  a  little  of  the  genuine  oils,  or  distilled  over  pine 
leaves.  We  are  indebted  chiefly  to  Bertram  and  Walbaum 
for  a  careful  investigation  of  the  properties  of  pure  oils  of 
known  botanical  source.  Of  these,  the  following  are  the 
most  important,  known  as  pine-needle  oils.  The  oil  of 
Abies  pectinata  (A.  excelsa),  distilled  from  the  needles  and 
young  shoots  of  this  pine  (the  Norwegian  spruce  fir),  is 
perhaps  the  most  valued  of  all  the  pine-needle  oils.  It 
possesses  a  fine  fragrant  odour,  and  is  exceedingly  useful 
for  fine  perfumery  where  the  best  pine  odour  is  required.  It 
has  been  found  to  contain  laevo-pinene,  laevo-limonene,  a 
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sesquiterpene  (possibly  cadinene)  and  laevo-homyl  acetate. 
The  latter  ester,  which  is  characteristic  of  the  pine  odour, 
occurs  to  the  extent  of  4*5  to  7 '5  per  cent.  It  is  a 
colourless  oil,  of  specific  gravity  about  "865  to  '875  and 
laevo-rotary,  according  to  Schimmel,  from  -  20°  to  -  60°. 
The  oil  from  the  young  cones  of  this  tree  is  often  sold  as 
pine-needle  oil,  but  it  differs  from  the  above-described  in 
containing  very  little  bornyl  acetate  (vide  supra). 

The  oil  of  Pinus  sylvestris,  the  true  Scotch  fir,  was  official 
in  the  British  Pharmacopoeia  in  1885,  but  has  been  replaced 
in  the  new  edition  by  that  of  Pinus  pumilio.  The  former 
oil  (P.  sylvestris),  distilled  from  Swedish  leaves,  and  examined 
by  Bertram  and  Walbaum,  had  a  specific  gravity  '872,  and 
was  dextro-rotary  +  10°  40'.  The  constituents  found  were 
dextro-pinene,  cZex^ro-sylvestrene  and  bornyl  acetate  (3-5  per 
cent.).  A  fractional  distillation  showed  that  44  per  cent, 
distilled  between  160°  and  170°,  and  40  per  cent,  between  170° 
and  185°.  A  sample  distilled  by  themselves  from  German- 
grown  trees  was  also  examined  by  these  chemists,  and  had  a 
specific  gravity  -886  and  an  optical  rotation  of  +  10°;  10  per 
cent,  distilled  between  160°  and  170",  and  46  per  cent,  between 
170°  and  185°.  Dextro-'pinene,  t£eai£ro-sylvestrene,  cadinene 
and  probably  dipentene  and  bornyl  acetate  were  found  in  the 
oil.  Umney  has  examined  a  sample  distilled  by  himself  from 
leaves  gathered  near  Sevenoaks,  and  found  it  to  possess  a 
specific  gravity  -8855,  and,  in  contradistinction  to  Bertram 
and  Walbaum's  oil,  it  was  laevo-vot&ry  -  19°.  About  3"5  per 
cent,  of  bornyl  acetate  was  found,  and  Umney  concludes  that 
not  more  than  15  per  cent,  should  distil  below  170°.  Taking 
as  criteria  the  two  oils  which  were  actually  distilled  by  these 
chemists,  one  may  infer  that  the  pure  oil  from  this  source 
should  possess  a  specific  gravity  of  not  less  than  -880  ;  should 
not  rotate  the  plane  of  polarisation  more  than  20°  either  to 
the  right  or  the  left  (Schimmel  has,  however,  found  an 
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American  oil,  probably  genuine,  as  high  as  -  25°),  and  should 
not  yield  a  distillate  below  170°  of  more  than  15  per  cent.,  nor 
one  between  170°  and  185°  of  less  than  40  per  cent.  It  may  be 
noted  that  the  1885  Pharmacopoeia  allowed  so  low  a  gravity 
a,s  '870.  In  order  to  determine  how  far  the  difference  in  rotary 
power  observed  by  Bertram  and  himself  could  be  accounted 
for  by  the  season  at  which  the  leaves  were  gathered,  Umney 
distilled  samples  at  different  times  of  the  year,  and,  although 
he  found  that  oil  distilled  in  December  was  laevo-rotary  to  the 
extent  of  -  7°  45'  as  against  -  19°  for  oil  distilled  in  June,  he 
concludes  that  soil  and  climate  are  the  chief  factors  which 
determine  the  difference  in  rotary  power.  True  oil  of  Pinus 
sylvestris  is  but  rarely  found  in  commerce.  The  commercial 
oil  is  the  distillate  of  various  other  pines. 

The  oil  of  Pinus  pumilio  contains  iaevo-pinene,  laevo- 
phellandrene,  sylvestrene,  cadinene,  dipentene  and  bornyl 
acetate  (4  to  7  per  cent.).  This  oil  has  a  specific  gravity  of 
•865  to  "875,  and  is  laevo-rotary  to  the  extent  of  -  5°  to 
- 10°.  A  sample  fractionated  by  Umney  gave  only  2  per  cent, 
below  165°,  and  as  much  as  59  per  cent,  between  165°  and 
180°.  This  oil  is  official  in  the  present  edition  of  the  British 
Pharmacopoeia,  which  demands  that  its  specific  gravity 
should  fall  between  '865  and  '870,  and  its  optical  rotation 
between  -  5°  and  -  10°.  Not  more  than  10  per  cent,  is  to 
distil  below  165°. 

The  oil  from  the  needles  of  Abies  sibirica  is  one  of  the 
cheapest  of  the  genuine  pine-needle  oils,  and  is  not  held  in 
much  favour.  Its  specific  gravity  is  "910  to  "920,  and  it  is 
laevo-vot&vy  -  30°  to  -  45°.  It  contains  up  to  30  per  cent, 
of  bornyl  acetate.    Laevo-camphene  is  present  in  this  oil. 

Picea  vulgaris  needles  yield  a  small  amount  of  an  oil 
of  specific  gravity  '880  to  '890,  laevo-rotary  about  -  20° 
containing  laevo-pmene,  iaevo-phellandrene,  dipentene,  cadi- 
nene and  iaevo-bornyl  acetate.    The  oil  from  Pinus  picea 
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is  very  similar  to  this,  usually  having  a  specific  gravity 
•872  to  '876  and  an  optical  rotation  of  about  -  50°.  Abies 
canadensis  yields  the  so-called  spruce  or  hemlock  spruce 
oil.  This  has  a  specific  gravity  of  about  '905,  is  Zaeuo-rotary 
about  -  20°,  and  contains  laevo-pinene,  cadinene  and  laevo- 
bornyl  acetate  (3-6  per  cent.),  and  also  a  small  amount  of 
camphene. 

The  oil  from  Pinus  nigra  is  characterised  by  its  containing 
50  per  cent,  of  bornyl  acetate.  Its  specific  gravity  is  about 
•925  and  its  rotation  -  40°.  It  was  examined  by  Kremers. 
A  number  of  other  pine-needle  oils  have  been  examined,  but 
it  is  not  necessary  to  devote  further  space  to  them;  their 
characteristics  are  given  in  the  appended  table  (p.  166). 

From  a  commercial  aspect  these  various  pine-needle  oils 
have  remarkably  different  values.    There  seems  but  little 
doubt  that  the  greater  part  of  the  genuine  pine-needle  oil 
of  commerce  sold  as  oil  of  Pinus  sylvestris  is  distilled 
from  Abies  pectinata  (A.  excelsa)—  in  the  author's  experience 
chiefly  from  the  young  cones ;  the  true  oil  of  Pinus  sylvestris 
is  rarely  met  with.    That  from  Pinus  pumilio  is  of  course 
a  regular  commercial  article,  as  are  also  certain  others  which 
can  be  obtained  correctly  labelled,  such,  for  example,  as  the 
oil  of  Pinus  sibirica.    In  addition  to  the  difficulties  arising 
from  this  confusion  in  the  names,  gross  adulteration  with 
turpentine  is  regularly  met  with.    The  ester  to  which  the 
oil  owes  the  character  of  its  odour,  bornyl  acetate,  can  be 
obtained  on  the  market,  but  it  has  not  ousted  the  natural 
oils  from  the  position  they  hold  both  as  perfumes  and  drugs. 
For  certain  throat  affections  they  find  regular  employment 
either  as  inhalations  or  for  internal  administration. 

Cypress-leaf  Oil— The  leaves  of  Gupressus  sempervirens 
yield  about  1  per  cent,  of  an  oil  of  specific  gravity  about  0'890, 
and  optical  rotation  +  4°  to  +  16°,  consisting  largely  of 
terpenes.    It  is  soluble  in  4  to  5  volumes  of  90  per  cent. 
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alcohol.  It  is  a  somewhat  expensive  oil,  said  to  be  very  use- 
ful as  a  remedy  for  whooping  cough  when  inhaled. 

Schimmel  &  Co.  have  recently  examined  this  oil.  It 
had  a  specific  gravity  0892,  optical  rotation  +  16°  5',  and 
refractive  index  1*4742.  Its  saponification  number  was  25 "3, 
and  its  acetyl-saponification  number  50*5 .  It  was  not  soluble 
in  10  volumes  of  90  per  cent,  alcohol.  It  was  found  to  contain 
traces  of  furfurol,  dextro-pinene,  dextro-camphene,  dextro- 
sylvestrene,  cymene,  a  ketone  yielding  a  semicarbazone  melt- 
ing at  177°,  a  second  ketone  not  yet  characterised,  sabinol  (?), 
a  terpene  alcohol  (possibly  geraniol),  and  the  acetic  and 
valeric  esters  of  dextro-terpineol.  The  terpenes  make  up 
65  per  cent,  of  the  oil,  the  principal  portion  consisting  of 
camphene  and  sylvestrene. 

OILS  OF  THE  ANGIOSPERMS.— I.  MONOCOTYLEDONS. 
N.  0.  GrRAMINEiE. 

The  essential  oils  of  this  natural  order  are  obtained 
principally  from  the  family  formerly  known  as  Andropogon. 

1.  Palmarosa  oil  from  Andropogon  Martini. 

2.  Ginger-grass  oil,  described  as  inferior  palmarosa,  or  a 

mixture  of  the  latter  with  turpentine  or  mineral  oil, 
but  probably  when  pure  derived  from  a  species  not 
definitely  identified. 
8.  Lemon-grass  oil  from  Andropogon  citratus,  DC. 

4.  Vetiver  oil  from  Andropogon  muricatus,  Eetz. 

5.  Citronella  oil  from  Andropogon  nardus,  L. 

6.  Oil  of  Andropogon  odoratus,  Lisb. 

7.  Camel-grass  oil  from  Andropogon  laniger,  Desf. 
Several  of  these  are  commercial  products  of  the  highest 

importance,  as  they  are  used  on  an  enormous  scale  either  for 
direct  perfumery,  or  for  the  preparation  of  perfumes  of  an 
entirely  different  nature,  by  chemical  methods.    For  many 
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years  the  exact  botanical  sources  of  these  oils  has  been  a 
matter  of  .  doubt,  and  many  misleading  names  have  been  used, 
but,  in  the  case  of  the  more  important  oils,  at  all  events,  these 
may  now  be  regarded  as  settled. 

The  confusion,  however,  has  now  been  cleared  up,  and  Stapf 
(Kew  Bulletin,  1906,  8,  297)  has  dealt  in  a  masterly  manner 
with  the  subject.  He  considers  that  the  subgenera  Cym- 
bopogon  and  Vetiveria  are  sufficiently  distinct  to  be  recognised 
as  genera,  and  he  has  therefore  introduced  the  necessary 
change  in  nomenclature.  In  this  manner  the  plants  referred 
to  become  renamed  as  follows  : — 

Old  Name.  New  Name. 

Andropogon  Martini  Cymbopogon  Martini. 
„         nardus  „  nardus. 

„          citratus  „  citratus. 

„         muricatus  Vetiveria  zizaniodes. 

„         odoratus  (Remains  as  before). 

Citronella  Oil. — This  oil  is  distilled  from  the  "Indian 
grass,"  Andropogon  nardus  (Cymbopogon  nardus),  chiefly  in 
Ceylon.  It  is  a  pale  yellow  oil  of  very  powerful  odour,  on 
which  account,  together  with  its  low  price  (varying  on  the 
market  from  about  Is.  to  2s.  per  lb.  lately),  it  is  more  ex- 
tensively employed  in  cheap  soap  perfumery  than  any  other 
essential  oil.  The  chemistry  of  the  oil  was  first  seriously 
attacked  by  Dodge  (American  Journal  of  Chemistry,  xi.,  p. 
456),  who  showed  that  it  contained  a  large  quantity  of  the 
aldehyde  citronellal.  Other  workers  have  since  shown  that  it 
contains,  in  addition,  the  terpenes  camphene,  laevo-limonene 
and  dipentene,  the  alcohols  geraniol  and  linalol  and  small 
quantities  of  borneol  and  methyl-heptenone.  Traces  of  methyl- 
eugenol  and  of  two  sesquiterpenes  also  exist. 

The  oil  found  on  the  market  is  frequently  adulterated 
with  certain  varieties  of  kerosene,  and  probably  with  resin 
spirit,  and  occasionally  with  an  oil  whose  identity  is  not  yet 
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settled,  but  which  appears  to  be  somewhat  similar  in  proper- 
ties to  the  oil  of  gurjun  balsam. 

It  is  now  well  recognised  that  the  commercial  citronella  oil 
arriving  here  in  drums  is  never  pure.  It  is  sold  on  a  guarantee 
to  pass  "  Schimmel's  test,"  which  was  at  one  time  interpreted 
very  strictly  as  meaning  that  the  oil  should  be  soluble  in  2  to  3 
volumes  of  80  per  cent,  alcohol,  and  that,  by  the  addition  of 
more  alcohol  up. to  10  volumes,  nothing  more  than  opalescence 
should  result.  The  test  now  adopted  by  the  London  market,, 
however,  is  as  follows  :1  volume  of  the  oil  when  shaken  with  10 
volumes  of  80  per  cent,  alcohol  should  yield  a  solution,  which 
shall  not  be  more  than  faintly  turbid,  and  from  which  no  oil 
globules,  visible  to  the  naked  eye,  shall  separate  after  standing 
for  twenty-four  hours.  Schimmel's  so-called  "raised  test" 
excludes  more  than  a  small  amount  of  adulteration  and  con- 
sists in  first  adding  to  the  oil  5  per  cent,  of  its  volume  of 
kerosene,  when  the  oil  should  then  pass  the  ordinary 
"Schimmel's  test". 

M.  K.  Bamber  (Proc.  Chemical  Society,  1903,  292),  the 
Government  analyst  of  Ceylon,  gives  a  new  method  which  he 
claims  will  rapidly  determine  the  percentage  of  adulterant  in 
citronella  oil. 

A  mixture  of  2  c.c.  of  pure,  acid  free  coconut  oil  and  2  c.c. 
of  the  citronella  oil  to  be  examined  is  shaken  for  one  minute 
with  20  c.c.  of  83  per  cent,  alcohol  (specific  gravity  0*8273  at  30°) 
in  a  graduated  tube,  which  is  then  rotated  in  a  centrifugal 
machine  for  a  minute.  The  volume  of  coconut  oil  which  now 
contains  the  impurity  originally  present  in  the  citronella  oil  is 
read  off,  and  the  amount  minus  the  2  c.c.  represents  the 
adulterant.  The  author  has  examined  this  process  and  finds- 
that  it  is  useless,  and  cannot  understand  how  it  could  ever  be 
suggested  seriously  as  a  scientific  analytical  process.  It 
involves,  inter  alia,  the  assumption  that  all  adulterants  of 
citronella  oil  are  of  such  a  character  in  regard  to  their  solu- 
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bility  that  coconut  oil  can  completely  extract  them  from  a 
solution  in  a  mixture  of  citronella  oil  and  83  per  cent,  alcohol. 
It  is  possible  that  one  might  approximately  estimate  the 
amount  of  coconut  oil  present  in  this  way,  but  certainly  not 
adulterants  as  a  general  rule. 

The  specific  gravity  of  the  pure  oil  is  very  variable,  and 
while  it  is  not  possible  to  define  the  limits  closely,  it  may 
be  taken  that  anything  outside  *885  to  '920  is  impure.  The 
optical  rotation,  which  is  laevo-rotary,  varies  with  the  specific 
gravity,  the  oils  with  a  high  gravity  being  more  highly 
rotary  than  those  with  a  lower  gravity.  The  refractive  index 
of  Ceylon  oil  is  usually  about  1*4800  and  that  of  Java  oil 
1'4660.  Other  criteria  of  the  purity  of  the  oil  are  its  solu- 
bility in  alcohol  and  its  acetyl  number.  One  volume  of  a 
really  pure  oil  should  yield  a  clear,  or  at  most,  slightly  opales- 
cent solution  with  2  to  3  volumes  of  80  per  cent,  alcohol  at 
20°,  and  no  oily  drops  should  separate  even  when  10  volumes 
of  the  alcohol  are  added.  It  is  important  in  the  case  of  pure 
oils  that  the  clearness  of  the  solution  of  the  oil  in  3  volumes 
of  the  alcohol  should  not  be  impaired  by  the  addition  of  more 
alcohol,  as  although  kerosene  will  render  it  partially  insoluble 
in  the  smaller  quantity  of  alcohol,  an  adulterant  has  been 
noticed  which  only  rendered  the  solution  turbid  when  more 
of  the  80  per  cent,  alcohol  was  added.  The  nature  of  this  has 
not  been  determined  (vide  supra). 

The  acetylation  method  is  of  considerable  value.  Although 
sometimes  spoken  of  as  the  estimation  of  geraniol,  this  is  in- 
correct; for  citronellal  is  easily  converted  into  isopulegol 
acetate  by  acetic  anhydride,  with  the  result  that,  although 
the  determination  may  be  calculated  as  geraniol,  it  actually 
includes  the  citronellal  as  well.  A  useful  and  comparative 
result  is  thus  obtained.  This  is  emphasised  by  the  following 
figures  quoted  by  Schimmel  &  Co.  for  fourteen  samples,  which 
they  are  convinced  were  pure  (Report,  Oct.,  1898). 
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The  author  and  C.  T.  Bennett  have  carried  out  a  number 
<ef  experiments  on  pure  citronella  oil  and  have  proposed  as 
•standards  for  pure  Ceylon  oil  {i.e.,  the  Lena  Batu  oil)  the 
following  figures.  It  may  be  noted  that  the  presence  of  any 
quantity  of  resin  spirit  or  of  kerosene  will  usually  cause  the 
specific  gravity  of  the  first  10  per  cent,  distilled  to  be  distinctly 
lower  than  0'858 : — 


Specific  gravity   0-900  -  0-915 

Rotation     .       .       .   0°  to  -  15° 

Sp.  gr.  of  1st  10  %  (distilled  at  20-40  mm.)      .       .  above  0-858 

Refractive  index  of  same  at  20°  .  ....  above  1-4570 
Solubility  in  80  %  alcohol  ....     to  pass  Schimmel's  test. 

Geraniol  and  citronellal   above  58  u/0 

(calculated  as  total  geraniol) 


Umney  and  Swinton  (Year  Book  of  Pharmacy,  1897,  p. 
365)  have  endeavoured  to  explain  the  differences  in  the  com- 
mercial oils  of  apparently  genuine  character.  They  then 
came  to  the  conclusion,  chiefly  by  means  of  experimental 
distillation  of  the  oils  with  steam,  that  the  high  gravity  oils 
are  the  native  distilled  oils  over  an  open  fire,  whilst  the  lower 
gravity  oils  are  steam  distilled,  and  that  the  differences  do 
not  at  all  depend  on  any  variation  in  the  grass  used.  The 
high  specific  gravity  is  regarded  as  being  due  to  a  hitherto 
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tmdescribed  sesquiterpene,  and  the  high  optical  rotation  to 
a  highly  active  terpene. 

It  is,  however,  now  well  established  that  there  are  two 
different  kinds  of  citronella  grass  distilled  in  Ceylon,  but 
whether  they  are  true  varieties,  or  whether  one  is  merely  a. 
degeneration,  is  not  yet  known.  Under  any  circumstances, 
it  is  certain  that  the  high  gravity  oils  are  of  poorer  odour,, 
containing  much  less  aldehyde  and  alcohol,  to  which  the  oil 
chiefly  owes  its  value.  The  grass  yielding  the  oil  with  high 
geraniol  content  is  known  as  Maha  Pengiri,  and  that  yield- 
ing the  Oil  with  low  geraniol  content  as  Lena  Batu. 

A  pure  Lena  Batu  oil  contains  about  30  per  cent,  of 
citronellal  and  30  per  cent,  of  geraniol ;  whilst  a  Maha  Pen- 
giri oil  contains  up  to  50  per  cent,  of  citronellal  and  38  per- 
cent, of  geraniol. 

The  aldehyde  citronellal,  possessing  the  characteristic: 
odour  of  the  oil,  is  also  a  commercial  product.  It  is,  how- 
ever, from  fifteen  to  twenty  times  as  expensive  as  the  oil 
itself,  and  certainly  does  not  possess  any  commensurate 
advantages.  The  purest  commercial  samples  examined  by 
the  author  were  slightly  optically  active,  perfectly  colourless- 
liquids,  of  specific  gravity  about  "873. 

The  grass  is  cultivated  almost  entirely  in  the  south  of 
Ceylon.  According  to  Fritzsche,  somewhere  between  40,000 
and  50,000  acres  are  devoted  to  it,  and  but  little  attention  is- 
necessary.  The  growth  is  continuous,  and  three  harvests 
can  be  obtained  annually  in  very  favourable  years,  but  usually 
two  are  found  sufficient — one  in  July  or  August  and  one  in 
December,  January  or  February.  The  yield  of  oil  is  about 
sixteen  to  twenty  bottles  (22  oz.)  per  acre  for  the  summer 
crop,  and  five  to  ten  for  the  winter  crop.  After  a  lapse  of 
fifteen  years  the  plants  become  exhausted,  and  new  plants- 
become  necessary.  There  are  somewhere  about  600  stills- 
at  work  on  the  island,  and  the  enormous  output  of  well 
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over  1,000,000  lb.  per  annum  shows  to  what  an  extent  this 
oil  is  used.  So  powerful  is  its  odour  and  so  cheap  is  the  oil 
that  it  is  now  frequently  used  not  only  for  perfuming  cheap 
toilet  soap,  but  also  to  cover  the  disagreeable  odour  of 
common  hard  and  soft  soap.  The  distilleries  are  usually  in  a 
shed,  and  consist  of  a  steam  boiler  with  a  safety  valve  and 
water  indicator,  resting  upon  a  solid  foundation,  two  cylindri- 
cal stills  about  6  ft.  to  7  ft.  high,  and  3  ft.  to  4  ft.  broad. 
These  are  connected  with  a  spiral  condenser  in  a  tub  of  cold 
water,  the  oil  eventually  being  collected  in  a  receptacle  under- 
ground, which  can  be  locked  in  order  to  prevent  the  natives 
from  stealing  it.  The  accompanying  diagram,  reproduced 
from  the  Chemist  and  Druggist,  illustrates  the  arrangement 
(p.  176). 

The  oils  distilled  in  Java  and  the  Straits  Settlements 
resemble  that  from  the  grass  known  as  Mahi  Pengiri  in  all 
particulars.  The  following  figures  are  those  for  typical  oils 
of  this  class,  as  compared  with  Ceylon  commercial  Lena 
Batu  oil : — 


Perak. 

Ceylon. 

Java. 

Specific  gravity  . 

0-8948 

0-892 

0-908 

Optical  rotation  . 

-Is  34' 

-  2°  25' 

-9°  35' 

Refractive  index  . 

1-4858 

Solubility  in  80  0/o  alcohol  . 

1  in  1 

1  in  1 

1  in  1 

Geraniol 

32-7  % 

38-9—38-1  % 

32-9  % 

Citronellal 

55-3  °/0 

50-4—55-3  % 

28-2  °/D 

The  following  tables  by  the  author  and  Bennett  show  the 
whole  aspect  of  the  Ceylon  citronella  oil  question. 

The  physical  characters  of  the  chief  constituents  of  citron- 
ella oil  which  affect  the  question  are  as  follows  : — 


Sp.  Go:  Rotation. 


Refractive 
Index. 


Camphene 
Dipentene 
Citronellal 
Sesquiterpene 
Geraniol  . 


0-864  -  62°  1-4637 

0-847  -  54°  1-4691 

0-854  +  12°  1-4481 

0-864  +  1°  30'  1-5185 

0-883  +  0°  1-4739  at  23° 
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The  following  figures  are  the  results  of  examinations  of 
pure  and  adulterated  samples  : — 

Table  I. — Pure  Citronella  Oils. 
Characters  of  first  10  per  cent,  distilled  at  20  to 


40  mm. 

pressure. 

Sp.  Gr.  at 

Rotation  in 

Refractive 
Index  at  19° 

15-5°. 

100  mm.  Tube. 

A 

0-861 

-  44° 

1-4680 

B 

0-861 

-  43° 

1-4732 

C 

0-860 

-  35° 

1-4692 

D 

0-863 

-  23° 

1-4655 

E1  . 

0-866 

-  6° 

1-4590 

P2 

0-867 

-  11° 

1-4571 

Table  II. — Citronella  Oils  mixed  with  Adulterant. 
Characters  of  first  10  per  cent,  distilled  at  20  to 


40  mm.  pressure. 


Sp.  Gr.  at 

Rotation  in 

Refractive  Index 

15-5°. 

100  mm.  Tube. 

at  19°  C. 

1 

E  +   5  p.c. 

resin  spirit 

0-855 

-  7° 

1-4563 

2 

E  +  10  p.c. 

j  > 

0-S48 

-  3° 

1-4545 

3 

E  +  15  p.c. 

j  j 

0-841 

-  2° 

1-4525 

4 

E  +  20  p.c. 

n 

0-833 

-  1° 

1-4505 

5 

D  +  5  p.c. 

j» 

0-854 

-  17° 

1-4570 

6 

D  +  10  p.c. 

0-845 

-  14° 

1-4515 

7 

D  +  20  p.c. 

j  j 

0-835 

-  8° 

1-4490 

8 

C  +  10  p.c. 

petroleum 

spirit  0-848 

-  24° 

1-4514 

Table  III. — Adulterated  Citronella  Oils  on  the 

Market. 

Characters  of  first  10  per  cent,  distilled  at  20  to 
40  mm.  pressure. 


Sp.  Gr.  at 

Rotation  in 

Refractive  Index 

15-5°. 

100  mm.  Tube. 

at  19°  C. 

1 

0-822 

-  26°  48' 

1-4492 

2 

0-824 

-  23°  50' 

1-4504 

3 

0-833 

-  18°  20' 

1-4525 

4 

0-820 

-  22° 

1-4486 

5 

0-844 

-  17°  30' 

1-4540 

6 

0-836 

-  29° 

1-4495 

1 E  is  an  oil  from  the  Straits  Settlements. 

2  F  is  a  Ceylon  oil  distilled  by  Winter,  and  probably  prepared  by 
tionation. 
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Table  IV. — Besin  and  Petroleum  Spirits. 

Characters  of  first  10  per  cent,  distilled  at  20  to 
40  mm.  pressure. 


Sp.  Or.  at 

Rotation  in 

Refractive  Index 

15-5°. 

100  mm.  Tube. 

at  19°  C. 

1  Resin  spirit  . 

0-806 

+  4° 

1-4403 

2  Resin  spirit  . 

0-802 

+  2°  30' 

1-4426 

3  Petroleum  spirit 1  (tur- 

pentine substitute)  . 

0-798 

+  1° 

1-4435 

4  Petroleum  spirit 1  (tur- 

pentine substitute)  . 

0-801 

+  1°  30' 

1-4416 

The  lightest  fraction  which  the  author  and  Bennett  ob- 
tained from  the  adulterated  oils  had  a  specific  gravity  of  0'798,. 
an  optical  rotation  of  -  17°,  and  commenced  to  distil  at  112°  C. 
In  none  of  the  fractions  has  any  odour  of  paraffin  been  ob- 
served, nor  any  fluorescence — hence  the  conclusion  that  resin 
spirit  is  the  adulterant. 

Suggested  Standard. — From  a  consideration  of  these 
figures  the  following  standards  for  pure  citronella  oil  are 
suggested : — 

1.  The  oil  must  dissolve  either  clear,  or  at  most  with  the 
slightest  opalescence,  in  10  volumes  of  80  per  cent,  alcohol  at 
20°  C. 

2.  The  first  10  per  cent,  distilled  under  reduced  pressure 
(20  to  40  mm.)  must  have  a  specific  gravity  not  below  0*858 
and  a  refractive  index  at  20°  not  below  1*4570. 

It  may  be  regarded  as  fairly  certain  that  no  adulterated 
sample  will  pass  these  tests,  although  the  limit  for  refractive 
index  has  been  placed  lower  than  the  figures  found  for  normal 
Ceylon  oils,  in  order  to  meet  the  requirements  of  other  oils, 
such  as  those  from  Java  or  the  Straits  Settlements,  and,  in 
general,  those  with  low  terpene-content.   But  any  adulterated 

1  The  actual  source  of  these  turpentine  substitutes  has  not  been  ascer- 
tained, as  the  distillers  decline  to  give  information.  They  have  a  faint  odour 
of  paraffin,  and  a  distinct  though  slight  fluorescence,  and  probably  consist, 
only  in  part  of  petroleum'spirit. 


176 


ESSENTIAL  OILS. 


oil  which  might  show  a  higher  refractive  index  than  has  been 
indicated  would  fail  to  pass  the  specific  gravity  limit  if  any- 
thing more  than  traces  of  adulterant  were  present. 

A  still  7  ft.  high  and  4|  ft.  in  diameter  produces  about  350 
to  450  oz.  per  day.  Most  of  them  are  as  that  illustrated, 
although  there  are  some  which  are  arranged  for  an  open-fire 
distillation. 


Fig.  14.— Citronella  Oil  Still. 
1,  chimney;  2,  steam  boiler;  3,  still;  4  and  5,  condenser;  6,  underground 

cellar ;  9,  receiver. 

Lemon-grass  Oil. — This  oil  is  the  product  of  distillation 
of  the  grass  Cymbopogon  citratus  and  Cymbopogonflexuosus. 
Ceylon  and  Straits  Settlements  oil  are  derived  from  the 
former,  and  Malabar  and  Cochin  oil  from  the  latter.  Cochin 
China,  Ceylon  and  Singapore  were  the  chief  centres  of  culti- 
vation, although  the  grass  is  found  over  a  very  wide  tract  of 
the  Indian  peninsula  and  in  the  West  Indies,  which  now 
produce  a  considerable  amount  of  the  oil.  The  greater  part 
is  exported  from  the  ports  on  the  Malabar  coast.  With  re- 
gard to  its  preparation,  much  that  has  been  mentioned  under 
citronella  oil  holds  good  here  also,  but,  of  course,  the  fact 
that  the  oil  does  not  enjoy  nearly  so  large  a  consumption  as 
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citronella  oil  accounts  for  its  preparation  being  more  in  the 
hands  of  the  natives  than  the  last-named  oil.  The  annual 
production  of  lemon-grass  oil  appears  to  be  about  50,000  lb. 
Its  chief  use  is  for  perfumery,  in  which  it  plays  an  important 
part,  as  it  has  an  odour  resembling  the  true  verbena,  and  is 
often  known  as  Indian  verbena.  A  large  amount  is  consumed 
in  the  manufacture  of  ionone.  With  regard  to  price,  it  has 
been  the  subject  of  speculative  dealings,  hence  it  has  varied 
from  a  few  pence— Ifd.  even  at  one  time— to  about  Is.  an 
ounce  during  the  last  few  years.  In  addition  to  its  extensive 
use  in  perfumery,  it  has  lately  found  considerable  employment 
for  the  preparation  of  citral,  its  chief  constituent,  for  the 
manufacture  of  ionone.  It  is  also  used  to  some  extent  either 
as  it  is,  or  as  citral,  to  adulterate  oil  of  lemons.  Attempts 
have  been  made,  successful  to  an  extent,  but  utterly  mislead- 
ing in  their  effects,  to  make  the  citral  content  the  basis  of  the 
value  of  oil  of  lemons.  Hence  the  addition  of  small  quantities 
of  lemon-grass  oil  or  citral  to  lemon  oil.  This  will  be  again 
referred  to  under  that  oil. 

The  East  Indian  variety  of  lemon-grass  oil  is  a  yellow  to 
brownish  oil,  of  specific  gravity  -895  to  -905.    It  is  often 
practically  inactive  optically,  and  should  never  vary  more  than 
from  +  3°  to  -  3°.    Its  refractive  index  is  about  1-4880.  It 
is  often  adulterated  with  fixed  oils,  which  not  only  alter  its 
specific  gravity,  but  also  interfere  with  its  solubility  in 
alcohol.    When  pure,  it  dissolves  to  a  clear  solution  in  three 
times  its  volume  of  70  per  cent,  alcohol  and  does  not  usually 
become  turbid  by  further  additions  of  alcohol.    Its  most 
important  constituent  is  citral,  which  occurs  in  it  to  the 
extent  of  from  70  to  85  per  cent.    In  addition  to  this,  methyl- 
heptenone  and  geraniol,  traces  of  citronellol,  and' possibly 
hnalol,  have  been  found.    Terpenes  occur  to  the  extent  of 
about  10  per  cent.    According  to  Stiehl,  these  consist  of 
hmonene  and  dipentene,  and  there  is  also  a  trace  of  cymene. 

12 
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These  are  the  only  constituents  which  can  be  said  to  be  known 
to  exist  in  the  oil. 

West  Indian  lemon-grass  oil  differs  in  its  character  from 
the  East  Indian  oil.  It  is  much  less  soluble  than  the 
other  variety,  and  is  usually  rectified  in  the  West  Indies 
in  order  to  increase  its  solubility.  The  author  is  in- 
formed that  when  so  rectified  it  dissolves  in  3  volumes  of 
70  per  cent,  alcohol,  but  after  keeping  a  short  time  it  becomes 
insoluble  again.  It  certainly  always  arrives  in  London  in 
this  state,  and  will  not  dissolve  to  a  quite  clear  solution  in  10 
volumes  of  70  per  cent,  alcohol.  This  is  probably  due  to  the 
presence  of  an  easily  oxidisable  olefenic  terpene  which  the 
author  is  now  investigating.  West  Indian  lemon-grass  oil 
has  the  following  characters  : — 

Specific  gravity   0-877-0-887 

Optical  rotation   +  2°  to  -  2° 

Total  aldehydes   76  %  to  85  _% 

Refractive  index   1-4875 

It  is  not  clearly  soluble  in  70  %  alcohol. 

A  Mexican  lemon-grass  oil  examined  by  Schimmel  &  Co. 
had  a  specific  gravity  0-885,  optical  rotation  0°,  and  citral  70 
per  cent.  Under  the  name  "  Java  lemon  oil  "  several  samples 
have  been  reported  on  by  the  same  firm,  and  found  to  contain 
50  per  cent,  of  citral;  this  oil  is  probably  the  distillate  of 
some  other  Andropogon  species. 

The  author  has  once  observed  the  use  of  acetone  as  an 
adulterant  of  lemon-grass  oil.  This  is  shown  by  the  diminution 
in  volume  on  shaking  the  oil  with  water,  and  can  be 
separated  by  distillation,  the  acetone  coming  over  at  a  very 
low  temperature.  The  oil  is  chiefly  dependent,  if  not  entirely 
so,  for  its  value  on  the  percentage  of  citral  it  contains.  Hence 
it  is  of  importance  to  be  able  to  estimate  this  constituent,  at 
all  events,  with  some  degree  of  accuracy.  This  can  be  done 
by  shaking  the  oil  with  solution  of  bisulphite  of  sodium,  as 
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described  in  a  former  chapter.  It  must  be  remembered, 
however,  that  this  is  only  an  approximate  estimation,  as  a 
certain  amount  of  the  citral  is  converted  into  water  soluble 
sulphonic  acid  derivatives,  and  a  certain  amount  remains 
unabsorbed.  For  comparative  purposes,  however,  it  is 
exceedingly  useful.  The  preparation  of  ionone  (artificial 
violet)  from  lemon-grass  oil  direct,  and  from  the  separated 
constituent,  citral,  is  the  subject  of  numerous  patents.  From 
this  point  of  view  it  is  important  to  know  if  citral  is  really 
the  main  constituent  of  the  oil.  If  it  were  not  so,  the  cor- 
rectness of  the  patent  specifications  would  be  open  to  attack, 
and  the  results  might  be  of  importance.  According  to  most 
chemists  who  have  worked  seriously  on  this  oil,  citral  is  the 
only  aldehyde  present  in  the  oil,  with  the  exception  of  traces 
of  an  isomeric  aldehyde,  and  of  citronellal.  Upon  this  point 
Tiemann,  Semmler  and  Doebner,  the  three  chief  authorities 
on  this  oil,  are  completely  agreed.  Stiehl  (Jour,  prakt.  Ghem. , 
1898,  p.  51)  has  claimed  to  have  separated  the  aldehydic  con- 
stituent into  three  different  bodies.  He  urges  that  the  large 
amount  of  citral  found  in  the  oil  usually,  is  due  to  the  isomeri- 
sation  of  the  other  aldehydes  by  means  of  the  bisulphite  of 
sodium  used  in  separating  it,  which  is  generally  too  acid. 
If  this  salt  be  perfectly  pure  he  claims  that  this  isomerisa- 
tion  does  not  take  place.  These  aldehydes  he  terms  citral 
(the  aldehyde  usually  known  as  such),  allolemonal  and 
citriodoraldehyde,  and  he  gives  the  following  as  their  pro- 
perties : — 

Citriodoraldehyde.  Allolemonal.  Citral. 
Boiling  point       ....       228°-229°  233°-235°  225°-227° 

Sp.  gravity  at  20°  .       .       .       .       -8883  -9017  -88G8 

Rotation  0°  -  5°  6'  0° 

Melting  point  of  compound  with 

naphthocinchoninic  acid  .       .       204°  235°  197° 

Doebner,  however,  has  shown— in  the  author's  opinion 
conclusively— that  these  other  aldehydes  are  merely  impure 
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citral,  and  that  the  former  statements  made  regarding  the 
oil  are  correct.  Tiemann  and  Semmler  have  also  repeated 
their  former  work  and  confirmed  it  in  every  respect  (see  also 
under  "  Citral  ").  It  must  be  remembered  that  by  the  body 
citral  it  is  intended  to  denote  the  mixture  of  stereoisomers 
a-citral  and  /3-citral.  Lemon-grass  oil  is  also  known  locally 
as  Sereh  oil  and  by  the  Tamils  as  Vasana-pillu  ("perfume 
grass")  or  Karpura-pillu  ("camphor  grass"). 

It  will  be  convenient  to  here  refer  to  an  oil  which  contains 
much  citral.  The  oil  is  derived  from  the  leaves  of  a  small  tree 
(Backhousia  citriodora,  N.  0.  Myrtaeece)  indigenous  to 
Southern  Queensland.  It  is  very  similar  in  composition  to 
lemon-grass  oil,  from  which  it  can  scarcely  be  distinguished 
by  smell.  It  contains,  however,  a  larger  percentage  of  citral, 
and  should  prove  a  remunerative  source  of  citral  for  the 
preparation  of  artificial  violet  essence.  Gildemeister  and 
Hoffmann  examined  this  oil,  and  have  stated  that  it  consists 
almost  entirely  of  citral. 

Samples  have  been  examined  by  Umney.  The  oil  has  the 
following  characters : — 

Specific  gravity       .       .  0-895-0-896 

Optical  rotation       .       .  Inactive  or  only  slightly  laevo-rotatory 
Refractive  index      .     ,  .  1-4889 
Aldehydes  (principally  cit- 
ral)      ....  94-95  %  by  absorption  with  NaH  .  S03. 

It  is  soluble  in  2§  to  3  volumes  of  70  per  cent,  alcohol,  and 
distils  almost  entirely  between  215°  and  230°  C.  It  is 
practically  free  from  terpenes,  but  appears  to  contain  traces 
of  other  bodies  which  give  it  a  characteristic  odour  of  its 
own,  in  addition  to  the  strong  citral  odour.  The  first  10  per 
cent,  distilled  had  a  penetrating  odour  resembling  an 
amyl  ester.  The  characters  of  the  first  and  last  fractions  are 
appended  : — 
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First  10  °/0 


Last  5  % 


Residue  5  °/0 


Specific  gravity 
Rotation  . 
Refractive  index 


0-886 
Nil 
1  -4798 


0-  895 
Nil 

1-  4907 


1-5132 


The  high  refractive  index  of  the  residue  indicates  the 
presence  of  traces  of  sesquiterpene.  This  oil  must  not  be 
confounded  with  that  of  Eucalyptus  citriodora  (a  tree  also 
indigenous  to  Queensland),  which  consists  almost  entirely  of 
citronellal. 

Indian  Geranium  Oil. — This  oil  is  in  no  way  related  to 
true,  geranium  oil,  except  on  account  of  its  similar  odour. 
It  occurs  in  European  commerce  under  the  names  "  Indian 
geranium  oil,"  "  Turkish  geranium  oil  "  and  "  palmarosa  oil  ". 
Distinctions  have  often  been  made  between  these  commercial 
products,  but  it  appears  certain  that  the  only  differences 
existing  between  them  are  those  of  fineness  of  odour  and 
freedom  from  adulteration.  The  oil  is  distilled  in  India 
from  the  grass  Cymbopogon  Martini,  formerly  known  as 
Andropogon  Martini,  or  Andropogon  Schoenanthus  by  some 
botanists,  but  it  must  be  understood  that  the  Andropogon 
Schoenanthus  of  Linnaeus  is  an  entirely  different  grass,  which 
grows  wild  in  large  tracts  in  the  northern  and  eastern 
provinces,  especially  in  the  North- West  and  the  Punjaub  ;  it 
is  also  abundant  in  the  Deccan,  Central  India  and  Kashmir. 
According  to  Schimmel,  the  most  productive  districts  are 
Nagpore-Khandesh  and  Jubbulpore.  The  following  account, 
from  part  vi.  of  Pharmacographia  Indica,  is  particularly 
interesting :  "  The  oil  distillers  in  Khandesh  call  the  grass 
Motiya  when  the  inflorescence  is  young  and  of  a  bluish- 
white  colour;  after  it  has  ripened  and  become  red,  it  is 
called  Sonfiya.  The  oil  obtained  from  it  in  the  first 
condition  has  a  more  delicate  odour  than  that  obtained 
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from  the  ripened  grass.    The  Motiya  oil  is  usually  mixed 
with  the  second  kind,  which  by  itself  would  not  fetch  a 
good  price  in  the   European  market.    The  grass  grows 
freely,  though  not  very  widely,  on  open  hillsides  in  West 
Khandesh,  especially  in  Akrani.    The  original  seat  of  the 
manufacture  was  Pimpalner,  but  as  the  oil  is  in  great 
demand,  the  manufacture  has  of  late  spread  to  Nandurbar, 
Shahada  and  Taloda.    The  makers  are  Mussulmans,  who 
at  the  close  of  the  rains,  about  September,  when  the  grass 
is  ripening,  buy  it  from  the  Bhils,  stack  it  and  set  stills  at 
the  sides  of  brooks  where  wood  and  water  are  plentiful. 
In  1879-1880  the  number  of  stills  was  197,  producing  about 
71  cwt.  of  oil.    More  than  100  stills  are  worked  in  Nan- 
durbar alone,  and  the  increase  of  the  manufacture  is  pre- 
vented only  by  the  scarcity  of  the  grass.    The  yield  is  about 
•3  per  cent.    The  oil  is  packed  in  skins  and  sent  on  bullock 
back  over  the  Kundaibari  Pass  to  Surat  and  by  Dhulia  and 
Manmad  to  Bombay."    From  Bombay  it  is  exported  to 
the  Bed  Sea  ports,  Constantinople,  Trieste  and  London. 
The  oil  is  a  pale  yellow  liquid  (often  dark  on  account  of 
the  crude  methods  of  distillation  used  by  the  natives,  wherein 
too  little  water  is  used  in  the  stills,  with  the  result  that 
the  grass  is  burned),  but   sometimes  water  white  when 
rectified.    It  has  a  characteristic  geranium  odour,  and  is 
a  most  popular  perfume  where  an  odour  recalling  roses 
and  geranium  is  required  at  a  comparatively  low  price. 
When  pure  the  oil  has  a  specific  gravity  of  from  -885  to  "896 
and  is  almost  inactive  optically,  rotating  from  -  2°  to  +  2°, 
usually  under  1°  either  way,  and  rarely  up  to  +  4°.    The  oil 
should  dissolve  in  three  times  its  volume  of  70  per  cent, 
alcohol.    Its  refractive  index  is  about  1-4800.    The  ascer- 
tained constituents  of  the  oil  are  the  alcohol  geraniol,  esters 
of  this   alcohol   (chiefly   the  acetic  and   caproic  esters), 
methylheptenone  and  the  terpene  dipentene.    The  odour 
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value  is  entirely  due  to  the  geraniol  and  its  esters,  hence 
their  estimation  becomes  of  some  importance.  The  esters  do 
not  require  less  than  3  nor  more  than  5  per  cent,  of  potash 
for  saponification.  The  usual  amount  of  esters  present  is  from 
10  to  15  per  cent.  The  free  geraniol  varies  from  65  to  85  per 
cent.  This  is  estimated  in  the  usual  way  by  acetylation 
— converting  the  geraniol  into  its  acetic  ester,  and  saponi- 
fying, as  described  in  a  previous  chapter.  The  total  geraniol 
(free  and  combined)  varies  from  78  to  92  per  cent. 

Schimmel  &  Co.  give  the  following  figures  for  four  pure 
samples : — 


Geraniol. 

Combined. 

Free. 

Total. 

12-1 

76-36 

88-46 

13-55 

69-98 

83-33 

8-67 

68-23 

76-9 

8-48 

83-15 

9163 

The  oil  is  often  adulterated,  notably  with  fixed  oils  and 
with  turpentine  or  petroleum  oil,  sometimes  with  citronella 
and  ginger-grass  oils.  Turpentine  and  petroleum  are  easily 
detected,  as  they  greatly  interfere  with  the  solubility  in 
alcohol,  and,  in  the  case  of  fatty  oils,  the  sample  will  leave  a 
non-volatile  residue  when  steam  distilled.  When  turpentine 
is  added,  the  optical  activity  may  be  altered  and  the  ester  and 
geraniol  contents  lowered. 

The  legitimate  use  of  this  oil  is,  of  course,  for  perfumery, 
in  which  role  it  is  handicapped  by  the  finer  odour  of  the 
true  geranium  oils.  The  difference  in  price,  however,  acts 
largely  as  a  set-off  in  this  respect.  ■  The  active  body  geraniol 
is  also  a  commercial  product  now,  being  prepared  from 
various  sources,  notably  from  citronella  oil.  The  rhodinol 
of  commerce  appears  to  be  a  mixture  of  geraniol  and  other 
alcohols,  chiefly  citronellol.  Both  of  these  bodies  are,  how- 
ever, more  expensive  than  the  Indian  geranium  oil. 
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It  also  finds  extensive  use  as  an  adulterant  of  either  otto 
of  roses,  or  of  true  geranium  oil,  the  latter  being  also  some- 
times employed  to  adulterate  otto  of  roses.  An  extraordinary- 
use  for  this  oil  is  suggested  by  Balfour  in  the  Gyclopcedia  of 
India.  He  says  that  "  grass  oil  has  the  property  of  prevent- 
ing the  loss  of  hair  that  occurs  after  some  acute  diseases :  it 
is  said  to  produce  a  new  growth  of  hair  ".  Whether  this  is 
true  or  not  is  uncertain.  Locally,  this  oil  is  known  as  Eusa 
oil. 

Oil  of  Ginger-grass. — This  oil  has  long  been  regarded  as 
an  inferior  or  adulterated  palmarosa  oil,  but  its  individuality 
is  now  clearly  established,  although  its  botanical  source  is 
still  not  known. 

Pure  ginger-grass  oil  has  a  specific  gravity  of  about  0-935 
to  0-942,  and  an  optical  rotation  of  +  19°  to  +  25°.  The  oil 
is  soluble  in  3  volumes  of  70  per  cent,  alcohol,  and  contains 
but  little  ester,  but  a  high  amount  of  free  alcohols,  up  to 
over  90  per  cent,  in  good  samples.  These  figures  may  re- 
quire some  revision,  as  not  a  great  many  authentic  samples 
have  been  examined.  Schimmel  &  Co.  have  investigated  the 
oil  and  find  present  phellandrene  in  small  quantity.  They 
find  that  the  alcohols  present  consist  of  a  mixture  of  geraniol 
with  di-hydrocumic  alcohol  C10Hlt;O.  The  pure  di-hydro- 
cumic  alcohol  had  the  following  characters  :  boiling  point  at 
767  mm.  =  227° ;  specific  gravity  =  0'951  [a\d  =  - 13°  18' ; 
refractive  index,  1*4963.  It  forms  a  well-defined  naphthyl- 
urethane  melting  at  146°  to  147°.  Traces  of  a  solid  fatty  acid 
are  present  in  the  form  of  esters.  Traces  of  inactive  carvone 
are  also  present  in  this  oil  as  well  as  dextro-limonene,  dipen- 
tene,  and  an  aldehyde  C10Hlf)O,  boiling  at  76c  to  78°  at  5  mm., 
or  at  221°  to  224°  at  754  mm.,  and  having  a  specific  gravity 
0'935  and  refractive  index  T4735.    It  is  optically  inactive. 

Oil  of  Veti-vert. — This  oil,  also  known  as  oil  of  vetiver 
or  oil  of  cuscus,  is  the  product  of  distillation  of  the  root  of 
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Vetiveria  zizanoides,  formerly  known  as  Andropogo7i  muri- 
■catus,  Eetz.    These  roots  are  known  in  Bengal  under  the 
name  of  khas-khas,  from  which  the  name  cuscus  is  easily 
traced.    The  plant  is  a  perennial  tufted  grass  growing  to  a 
good  height,  and  is  found  all  over  the  country  near  the 
•Coromandel  coast,  Mysore,  Bengal,  Burma  and  the  Punjaub. 
It  is  also  found  in  Beunion  and  Mauritius  and  in  the  West 
Indies.    In  contradistinction  to  the  grasses  above  described, 
the  leaves  themselves  are  practically  odourless,  whilst  the 
roots  have  a  strong,  agreeable  odour.    On  distillation,  the 
first  fractions  passing  over  are  much  more  volatile  and  lighter 
than  those  which  come  over  with  difficulty  towards  the  end 
of  the  distillation.    These  "  light  "  and  "heavy  "  oils  can  be 
.separated  by  using  a  steam-jacketed  still  with  steam  at  a 
pressure  of  about  10  lb.,  until  no  more  oil  comes  over.  The 
heavy  oil  is  then  obtained  by  passing  steam  at  a  higher 
pressure  direct  into  the  retort.    The  oil  distilled  in  Europe, 
however,  is  usually,  if  not  always,  a  single  distillate,  and  the 
fractionated  oils  are  scarcely  commercial  articles.  Beunion 
■distilled  oil  is,  however,  of  much  lighter  specific  gravity 
than  European  distillates,  and  is  usually  found  to  vary  from 
0-980  to  0-995.    The  yield  of  oil  is  a  matter  of  much  dis- 
agreement.   According  to  Piesse,  100  lb.  of  oil  yield  about  9 
or  10  oz.  of  oil,  whilst  Watts  states  that  only  2  oz.  are  ob- 
tained.   Other  observers  give  from  "4  to  "9  per  cent.  Prob- 
ably about  1  per  cent,  is  the  usual  average.    Much  of  the  oil 
(which  is  entirely  used  for  high-class  perfumery)  as  found  in 
commerce  is  adulterated,  frequently  with  a  fixed  fatty  oil. 
But  little  is  known  of  the  chemistry  of  its  constituents,  and 
only  a  comparatively  few  samples  have  been  examined  at  all. 
The  specific  gravity  of  the  unfractionated  oil,  i.e.,  as  it  is  dis- 
tilled^ from  the  root,  is  101  to  P03.    It  is  dextro-rotary, 
+  25°  to  +  40°,  and  should  give  a  clear  solution  with  li  to  2 
volumes  of  80  per  cent,  alcohol.    The  ester  value  lies  between 
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60  and  80.  Schinnnel  &  Co.  give  the  following  figures  for 
perfectly  genuine  samples  of  their  own  distillation  : — 

Specific  gravity  ,  1*019  to  1-027 

Optical  rotation      ....  +25°  to  +  26° 

Ester  number  (as  per  cent.  KOH)  .  7  to  8 

Solubility  in  60  per  cent,  alcohol  .  1  in  1£  to  2. 

A  sample  was  fractionated  with  the  following  results : — 


B.P.  at  23  mm. 

Per  cent. 

Rotation. 

144°-164° 

8 

-  4°  10' 

164°-170° 

10 

-  3°  20' 

170°-180° 

24 

+  2°  5' 

180°-185° 

30 

+  31°  40' 

185°-200° 

20 

+  47°  5' 

From  the  point  of  view  of  the  practical  perfumer,  this 
oil  (which  is  somewhat  expensive  when  pure)  is  said  to  blend 
excellently  with  the  odours  of  orris  root  and  "  cassie  "  flowers- 
(Acacia  Farnesiana). 

In  the  distillation  of  this  oil  traces  of  methyl  alcohol, 
furfurol  and  diacetyl  are  found  in  the  distillation  waters. 
Genvresse  and  Langlois  have  isolated  a  sesquiterpene  from 
the  oil,  C15H24)  which  they  term  vetivene.  It  boils  at 
262°  to  263°  at  740  mm.,  and  has  a  specific  gravity  0*932  and 
optical  rotation  +  18°  19'.  A  sesquiterpene  alcohol,  CKH.v,Or 
was  also  isolated,  which  the  discoverers  term  vetivenol.  It 
boils  at  169'  to  170'  at  15  mm.,  and  has  a  specific  gravity 
1-011  at  20°  and  optical  rotation  +  53°  43'. 

The  above-described  are  the  Indian  grass  oils  of  which  we 
possess  reliable  knowledge.  The  only  ones  in  addition  which, 
need  be  here  mentioned  are  the  so-called  "  camel  grass  "oil, 
obtained  by  distilling  the  grass  formerly  known  as  Andro- 
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pogon  laniger  (but  now  recognised  as  the  Andropogon 
Schcenanthus  of  Linnaeus,  and  renamed  Cymbopogon  Schoe- 
nanthus),  and  the  oil  from  Andropogon  odoratus.  The  camel 
grass  grows  freely  on  the  lower  Himalayas  and  in  Thibet,, 
and  has  been  found  in  Beluchistan.  Dr.  Dymock  distilled 
some  of  the  fresh  plant,  and  states  that  the  yield  was  1  per 
cent.  According  to  Schimmel,  the  oil  has  an  odour  of  elemi, 
a  specific  gravity  O905  to  0'919,  and  is  optically  active  from 
-  4°  to  +  34°  38'.  It  contains  phellandrene,  and  boils  between 
170°  and  250°. 

The  oil  from  Andropogon  odoratus,  which  is  obtained 
by  distillation  from  the  grass,  has  a  specific  gravity  0'915  to 
0'935,  and  is  laevo-rotary  -  22°  to  -  23°.  The  yield  is  under 
'5  per  cent. 

N.  0.  Akoide^. 

Calamus  Oil. — This  oil  is  distilled  from  the  rhizome  of 
the  sweet  flag,  Acorus  calamus.  This  plant  is  a  member  of 
a  family  with  aquatic  tendencies,  and  is  probably  a  native. 
,of  Asia,  although  now  found  largely  in  Europe.  Although 
the  essential  oil  obtained  from  the  rhizome  is  known  either 
as  01.  Acori  calami  or  01.  Calami  aromatici,  the  plant  must 
not,  as  Pereira  points  out,  be  confused  with  the  Calamus-' 
aromaticus  described  by  Royle,  which  is  one  of  the  Andro- 
pogon family.  The  banks  of  European  rivers  afford  a  plentiful 
supply  for  the  markets,  and  it  is  also  cultivated  in  damp 
swamps  in  India.  The  fragrance  of  the  plant  and  its  oil 
appears  to  increase  as  the  climate  in  which  it  is  cultivated  is. 
warmer.  Commercial  rhizome  of  European  origin  is  obtain- 
able in  the  shops,  and  occurs  as  somewhat  flattened  pieces 
of  about  4  inches  long  and  about  f  of  an  inch  thick.  Keep- 
ing does  not  improve  it,  nor  does  the  process  of  decorticating 
it,  as  is  often  done  for  appearance  sake.  Many  of  the  essen- 
tial oil  glands  occur  in  the  outer  layers  of  the  rhizome,  so 
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that  the  process  of  peeling  naturally  lessens  the  odour  value. 
Dymock  thus  describes  the  Indian  rhizome  in  his  Notes  on 
Indian  Drugs :  "  The  root  stock  occurs  in  somewhat  tor- 
tuous, sub-cylindrical  or  flattened  pieces,  a  few  inches  long 
:and  from  i  to  1  inch  in  greatest  diameter.    Each  piece  is 
obscurely  marked  on  the  upper  surface  with  the  scars,  often 
hairy,  of  leaves,  and  on  the  under  with  a  zig-zag  line  of  little, 
elevated  dot-like  rings,  the  scars  of  roots.    The  root  stock  is 
usually  rough  and  shrunken,  varying  in  colour  from  dark 
brown  to  orange  brown,  breaking  easily  with  a  short,  corky 
fracture,  and  exhibiting  a  pale  brown  spongy  interior.  The 
odour  is  aromatic  and  agreeable,  the  taste  bitterish  and 
ipungent."    The  powdered  rhizome  is  used  for  sachet  and 
toilet  powder.    From  dried  German  rhizome,  Schimmel  ob- 
tained about  "8  per  cent,  of  essential  oil,  whilst  the  fresh  root 
yields  from  T5  to  3'5  per  cent.    Japanese  root  yields  as  much 
as  5  per  cent.    The  oils  do  not  quite  agree  in  their  chemical 
properties,  and  that  from  the  green  rhizome  has  a  finer  odour 
than  that  from  the  dried.     The  chief  difference  noticeable 
is  that  the  oil  from  green  root  is  more  soluble  in  weak 
.alcohol  than  that  from  the   dried.    But  little  is  known 
of  the  chemistry  of  this  oil.    Kurbatow  states  that  there 
is  a  large  proportion  of  a  terpene  boiling  at  158°  to  159° 
present,  which  forms  a  crystalline   hydrochloride  melting 
.at  65°.    Its  specific  gravity  was  "8793  at  0°.    From  the 
author's  knowledge  of  this  oil,  this  terpene  was  probably 
impure  pinene.    In  addition  to  this  there  appear  to  exist 
a  sesquiterpene   and  .certain  oxygenated   constituents  not 
yet   identified ;  by  distilling  off  the  terpenes  under  reduced 
pressure,  the  residual  oil  has  a  specific  gravity  of  from 
1-000  to  1-018,  which  indicates  the  high  specific  gravity 
of  the  oxygenated  constituents  of  the  oil.    Von  Soden  and 
Eojahn  have  also  isolated  a  crystalline  compound  of  the  for- 
mula C15H2(102  melting  at  166°  from  Galician  calamus  oil. 
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Schimmel  &  Co.  give  the  following  figures  {for  eleven, 
samples  distilled  by  themselves  : — 


Specific  Gravity. 

Optical  Rotation. 

•970 

+  20°  44' 

•962 

+  31° 

•969 

+  18° 

•967 

+  20° 

•963 

+  15°  50' 

•964 

+  16°  47' 

•967 

+  17°  10' 

•966 

+  27°  12' 

•966 

+  13°  8' 

•966 

+  22°  55' 

•969 

+  15°  10' 

These  figures  are  almost  sufficient  to  place  the  limits  ofr 
say,  -960  to  -970  for  gravity  and  +  10°  to  +  35°  for  optical 
rotation,  except  in  the  case  of  Galician  oils,  which  are  often  of 
lower  rotation.  Oil  from  Japanese  root,  however,  does  not 
agree  with  these,  as  its  specific  gravity  rises  to  1-000,  indicat- 
ing its  comparative  freedom  from  terpenes.  As  a  further 
test,  all  pure  samples  are  soluble  in  all  proportions  in  90  per 
cent,  alcohol.  This  oil  is  used  extensively  for  the  prepara- 
tion of  aromatic  cordials,  beers  and  liqueurs,  and  also  for 
perfuming  toilet  articles  and  snuffs.  An  oil  is  also  distilled 
from  the  fresh  leaves  of  the  plant.  The  yield  is  from  <2  to  3 
per  cent,  of  an  oil  of  specific  gravity  -965  and  optical  rotation 
about  +  20°. 

It  is  possible  that  the  Japanese  oil  is  derived  from  the 
rhizome  of  Acorus  spuriosus.  At  all  events,  it  is  obtained 
to  the  extent  of  5  per  cent,  from  the  rhizome,  and  has  a  specific 
gravity  0'992  or  above  and  boils  between  210°  to  290°.  The 
Japanese  oil  dissolves  in  500  volumes  of  50  per  cent,  alcohol, 
whilst  European  oil  requires  1000  volumes  at  least. 

Pure  calamus  oil  from  any  source  should  yield  no  distillate 
below  170°. 

Traces  of  a  crystalline  compound  melting  at  about  167° 
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were  obtained  by  Schimmel  from  an  old  oil,  which  Soden  has 
:shown  to  have  the  formula  C15H2o02. 

N.  0.  LilLIACE^E. 

Garlic  Oil.—  This  oil  is  distilled  from  the  entire  fresh 
plant  Allium  sativum.    The  average  yield  of  oil,  according 
to  Schimmel,  is  about  1  oz.  from  1  cwt.  of  the  plants, 
although  Wertheim  obtained  3  to  4  oz.  from  this  quantity. 
The  oil  is  a  liquid  possessing  the  characteristic  unpleasant 
odour  of  garlic,  optically  inactive,  of  specific  gravity  1-045 
to  1-060.    It  was  examined  by  Wertheim,  who  stated  that 
it   contained   allyl   sulphide   and   allyl  oxide.    The  most 
modern   and  most    trustworthy  examination  of   the  oil, 
however,  is  due  to  Semmler  {Arch.  Pharm.,  ccxxx.,  p.  434). 
He  states  that  the  garlic  yielded  -09  per  cent,  of  oil  of 
specific   gravity    1-0525   at    14'5°.    A   small    quantity  of 
crystals  was  deposited  when  the  oil  was  cooled  in  a  freez- 
ing mixture.    The  oil  contains  no  oxygen,  and  therefore 
no  allyl   oxide.    "When  fractionated  under  a  pressure  of 
16  mm.,  four  main  fractions  were  obtained.    Fraction  1 
(6  per  cent.)  consisted  of  allyl-propyl  disulphide  C6H12S,,  a 
bright  yellow  oil  of  specific  gravity  1-0231  at  15°,  and  boil- 
ing at  66°  to  69°  at  16  mm.    Its  odour  is  that  of  onions. 
Fraction  2  (60  per  cent.)  consisted  of  diallyl  disulphide, 
CcH10So,  a  light  yellow  oil  of  garlic  odour,  much  resembling 
the  last-named  body,  boiling  at  78°  to  80°  at  16  mm.,  and 
decomposing  at  150°.    Its  specific  gravity  is  1-0237  at  15°. 
Fraction  3  (20  per  cent.),  boiling  at  112°  to  122°  at  the 
same  pressure,  consisted   of   a  body   CflH10S3,   the  exact 
constitution  of  which  was  not  elucidated.    Fraction  4  (10-5 
per   cent.)    boiled    above   122°.    It    contained    still  more 
sulphur,  and  corresponded  to  the  empirical  formula  C6Hi0S4. 
Semmler  states  that  allyl  sulphide,  (C8H6)2S,  does  not  exist 
in   the  oil,   as  originally   stated   by   Wertheim.    He  also 
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attributes  to  Beckett  and  Wright  the  statement  that  the 
oil  contains  a  sesquiterpene,  which  he  (Semmler)  also 
contradicts.  In  this,  however,  Semmler  is  in  error,  as 
Beckett  and  Wright  examined  the  sesquiterpene  from  oil 
of  cloves  {Jour.  Ghem.  Soc,  1876,  i.,  p.  6),  which  was 
mistranslated  into  the  Jahresbericht  (1878,  p.  398)  as 
Knoblauchol ;  hence  Semmler's  mistake,  which  is  reproduced 
in  Schimmel's  report  (October,  1893). 

The  oil  has  a  very  limited  employment,  and  is  rarely 
used  medicinally,  although  it  has  been  recommended  for 
internal  use  as  a  tonic  and  stimulant  to  the  stomach,  and 
as  a  vermifuge;  externally  as  a  rubefacient.  Its  chief 
employment  is  for  flavouring  culinary  preparations — a 
practice  not  in  favour  in  England.  It  is  worth  from  12s. 
to  15s.  per  oz. 

Oil  of  Onions  is  distilled  from  the  bulb  and  fresh  herb 
Allium  eepa.  The  average  yield  of  the  plant  is  005  per 
cent,  of  an  acrid  oil  of  unpleasant  odour  and  of  dark  brown 
colour.  The  oil  has  been  examined  by  Semmler  (Archiv 
Pharm.,  ccxxx.,  p.  443),  who  states  that  he  obtained  '005 
per  cent,  of  oil,  which  contains  no  oxygen ;  its  specific 
gravity  was  1-041  at  9°,  and  its  optical  rotation  -  5°.  As 
it  decomposes  when  boiled  under  ordinary  pressure,  it  was 
fractionated  at  10  mm.  The  chief  portion  of  the  oil  consisted 
of  a  compound  CeH12S2,  an  oil  of  specific  gravity  T0234  at 
12",  boiling  at  75°  to  83°  at  10  mm.  From  the  higher  boil- 
ing fractions  a  substance  was  obtained,  apparently  identical 
with  one  of  the  constituents  of  oil  of  asafoetida.  No  allyl 
sulphide  was  found.  The  employment  of  this  oil,  which  is 
somewhat  disagreeable  to  manufacture,  is  quite  similar  to 
that  of  oil  of  garlic. 

Allium  Oil,  from  the  fresh  herb  Allium  ursinum,  has 
a  specific  gravity  1-013,  and  contains  various  vinyl  sulphides. 
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N.  0.  iEIDEiE. 

Orris  Oil. — Three  species  of  the  Iris  are  used  for  the  pre- 
paration of  this  oil.  These  are  (a)  Iris  germanica,  common 
in  the  districts  near  Florence,  and  also  found  in  Central 
Europe,  Northern  India  and  Morocco ;  (b)  Iris  pallida, 
found  in  Istria,  Florence  and  Lucca ;  (c)  Iris  florentina, 
occurring  on  the  Macedonian  coast,  and  near  the  coasts  of 
the  Black  Sea,  and  also  in  the  neighbourhood  of  Florence 
and  Lucca.  The  finest  roots  are  produced  in  the  Tuscany 
district,  and  are  known  as  Florentine  orris  root,  but  it  must 
be  remembered  that  Florentine  root  is  not  synonymous  with 
the  root  of  Iris  florentina,  but  embraces  the  three  varieties, 
which  grow  to  the  highest  degree  of  perfection  in  this  district. 
After  the  Tuscany  root,  the  Veronese  is  most  valued.  The 
roots,  or  more  correctly  the  rhizomes,  exported  from  Morocco 
and  East  India  are  of  very  secondary  value,  and  do  not  arrive 
in  the  market  in  very  good  condition.  The  plant  used  to  be 
left  entirely  to  itself  to  grow  wild,  but  extensive  plantations 
are  now  cultivated.  The  plants  are  grown  on  hills,  generally 
on  sunny  open  spaces,  or  between  rows  of  vines.  A  dry 
calcareous  soil  is  most  suitable.  The  plants  are  left  un- 
disturbed for  two  or  three  years,  when  the  harvesting  com- 
mences. Locally  the  plants  are  known  as  giaggiolo.  The 
fresh  rhizome  has  very  little  odour,  and  must  be  carefully 
dried  before  being  sent  away.  Certain  changes  appear  then 
to  set  in  and  the  odour  develops. 

The  odour  of  the  dried  rhizomes  resembles  the  delicate 
violet  perfume,  and  the  powdered  substance  is  a  usual  con- 
stituent of  violet  powder.  The  earlier  application  of  this 
delicate  perfume  was  in  the  form  of  an  alcoholic  extract, 
often  known  as  essence  of  violets.  But  non-odorous  sub- 
stances are  also  extracted  from  the  root  by  alcohol,  and  the 
odour  is  not  so  delicate  as  that  of  the  carefully  distilled  oil. 
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The  yield  of  oil  is  from  1  to  "2  per  cent.;  but  when  the 
rhizome  is  treated  with  dilute  sulphuric  acid,  the  starch 
granules  are  broken  up  and  liberate  more  essential  oil,  but 
the  odour  is  much  impaired.     The  essential  oil  obtained 
from  the  plant  is  Of  a  buttery  consistence,  and  contains 
certain  non- volatile  fatty  bodies  which  are  carried  over 
mechanically  by  the  steam.   Fliickiger,  who  investigated  this 
substance,  showed  that  it  consisted  chiefly  of  myristic  acid 
with  traces  of  the  true  volatile  oil.    Our  present  knowledge 
of  the  oil,  however,  is  chiefly  due  to  Tiemann  and  Kriiger. 
These  chemists  obtained  the  oil  by  extracting  the  roots  with 
ether,  and  steam-distilling  the  residue  left  on  evaporation. 
The  non- volatile  portion  contains  a  little  myristic  acid,  whilst 
the  volatile  oil  contains  a  large  amount  of  myristic  acid  and 
its  methyl  ester,  oleic  acid,  an  oleic  ester,  oleic  aldehyde,  and  a 
body  which  is  responsible  for  the  characteristic  odour  which 
they  termed  irone.    This  body  was  separated  in  a  pure  state 
by  converting  it  into  its  phenylhydrazone  and  decomposing 
this  with  dilute  sulphuric  acid.    Irone  C13H20O  is  an  oil 
almost  insoluble  in  water,  readily  soluble  in  alcohol,  etc., 
boilmg  at  144°  at  16  mm.,  of  specific  gravity  "939  at  20°.  It 
is  dextro-rotary.    In  the  pure  form  the  odour  is  sharp  and 
unlike  violets,  but  when  diluted  it  somewhat  resembles  the 
natural  violet  flowers.    Tiemann  and  Kriiger  then  attempted 
to  synthesise  irone,  believing  it  to  be  the  odorous  principle 
of  the  violet  flower  (of  which  so  small  a  yield  is  obtained  as 
to  render  an  exact  examination  almost  impossible).  Whilst 
they  did  not  succeed  in  producing  irone,  they  obtained  an 
isomeric  body,  pseudo-ionone,  by  condensing  citral  with 
acetone,  which  on  heating  with  dilute  sulphuric  acid  is 
converted  into  another  isomer,  which  they  termed  ionone. 
This  body  is  the  now  well-known  artificial  violet  perfume, 
so  extensively  used  in  the  so-called  violet  scent  and  soaps! 
This  will  be  further  dealt  with  in  a  later  chapter,  when  the 
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chemistry  of  irone  will  also  be  referred  to.  Commercially, 
the  aspect  of  orris  oil  is  very  important.  Its  unique  delicate 
odour  will  prevent  it  from  being  replaced  by  the  more  intense 
but  less  delicate  odour  of  ionone,  and  further,  it  forms  an 
excellent  "  fixer  "  for  this  artificial  perfume,  so  that  a  judicious 
mixture  of  orris  oil  and  ionone  leaves  little  to  be  desired.  Its 
•employment  in  fine  perfumery  is,  and  has  for  many  years 
been,  very  extensive.  A  quite  liquid  oil,  from  which  the 
inodorous  solid  constituents  have  been  removed,  is  now  on  the 
market.  According  to  Stead  it  has  a  specific  gravity  0'949, 
optical  rotation  -  28°,  and  congeals  at  -  5°  C.  Schimmel  & 
Co.,  however,  have  shown  that  it  is  dextro-rotary  to  the  extent 
of  about  +15°. 

N.  0.  Zingiber ACE2E. 

Ginger  Oil. — This  oil  is  the  product  of  distillation  of 
the  rhizome  of  Zingiber  officinale,  a  native  of  tropical  Asia, 
which  is  also  cultivated  in  both  East  and  West  Indies  and 
in  Africa,  and  to  a  small  extent  in  Australia.  Possibly,  also, 
it  is  found  in  China,  although  the  greater  part  of  the 
"  Chinese  ginger "  appears  to  be  the  product  of  Alpinia 
Galanga. 

The  rhizomes  are  sometimes  imported  in  the  soft  juicy 
condition  known  as  "green  ginger,"  but  the  ordinary  ginger 
of  commerce  consists  of  the  dried  rhizomes  which  have 
been  picked  when  the  stalks  have  withered,  and  are  either 
washed,  dried  and  scraped  (uncoated  or  white  ginger),  or 
merely  washed  and  dried  (coated  ginger).  Sometimes  it 
is  bleached  or  limed  before  sale.  The  gingers  of  commerce 
are  of  widely  different  value,  according  to  their  place  of 
origin,  and  the  aroma  and  value  of  the  oil  naturally  depend 
to  some  extent  upon  this.  The  Jamaica  product  is  most 
highly  valued.  The  oil,  which  is  obtained  to  the  extent 
of  about  2  to  3  per  cent.,  is  a  pale  yellow  to  dark  yellow 
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liquid  of  characteristic  aromatic  odour,  but  lacking  the 
pungency  of  the  rhizome.  Its  specific  gravity  is  from  "872  to 
'885,  and  it  is  laevo-rotary  -  25°  to  -  45°.  Its  refractive  index 
is  about  1-4885  to  1-4950.  Very  little  is  known  of  the 
chemistry  of  this  oil.  Thresh  in  1881  published  a  paper  on 
the  subject,  but  apart  from  the  statement  that  the  chief  in- 
gredient of  the  oil  is  a  sesquiterpene  or  mixture  of  sesquiter- 
penes, little  information  of  value  was  given.  Schimmel  & 
Co.  {Report,  April,  1894)  have  examined  the  terpenes  of  the  oil 
and  have  identified  phellandrene  and  camphene  amongst 
them.  The  former  was  identified  by  its  crystalline  nitrite 
and  the  latter  by  its  conversion  into  isoborneol.  According  to 
Thresh,  the  English  distilled  oil  yields  the  following  fractions 
on  distillation : — 


Per  cent. 

Below  150°  5 

150°-200°  10 

200°-240°  8 

240°-265°  60 

265°-300°  7 

Residue  10 


These  results  yield  but  little  information,  however,  as 
decomposition  goes  on  to  a  slight  extent  during  distillation 
at  ordinary  pressures. 

If  the  oil  be  fractionally  distilled,  the  fraction  155°  to  165° 
is  found  to  be  highly  dextro-rotary,  up  to  +  60°. 

Von  Soden  and  Eojahn  have  separated  the  characteristic 
sesquiterpene  of  this  oil,  which  they  term  zingiberene.  It 
has  a  specific  gravity  0-872  and  optical  rotation  -  69°  It 
boils  at  269°  to  270°.  Traces  of  an  aldehyde  were  also  found. 
A  small  quantity  of  cineol,  citral  and  borneol  have  also  been 
found  present  in  the  oil.  Possibly  a  trace  of  geraniol  is  also 
present. 

A  comprehensive  examination  of  this  oil  is  greatly  needed. 
The  chief  employment  of  this   oil   is   for  flavouring 
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liqueurs  and  other  beverages,  but  extracts  of  the  rhizome 
are  preferred  on  account  of  their  greater  pungency. 

Galangal  Oil. — This  oil  is  obtained  from  the  rhizome  of 
Alpinia  galanga,  a  plant  cultivated  in  China  and  Siam, 
and  from  which  the  greater  part  of  the  so-called  "  ginger  " 
of  these  countries  is  obtained  ;  possibly  also  from  Alpinia 
officinarum.  The  oil  is  obtained  by  moistening  the  ground 
rhizomes  with  water,  and  after  some  hours  distilling 
them  with  steam.  The  oil  is  of  a  greenish-yellow  colour, 
with  a  sharp  taste  and  pungent  camphoraceous  odour.  The 
yield  is  from  -5  to  1*5  per  cent.  The  specific  gravity  varies 
from  *915  to  '925,  and  the  rotation  from  -  1°  to  -  4°.  The 
only  constituents  which  have  been  identified  with  certainty 
are  cineol  (eucalyptol),  of  which  it  contains  a  large  proportion, 
and  eugenol,  which  is  present  to  the  extent  of  25  per  cent.  Ac- 
cording to  Dragendorff,  the  oil  should  not  be  quite  soluble 
in  an  equal  volume  of  85  to  90  per  cent,  alcohol.  He  states 
that  the  chief  adulterants  are  oils  of  pimento  and  cloves, 
which  are  much  more  soluble  in  alcohol.  The  ready 
solubility  of  samples  of  oil  in  all  proportions  of  80  per  cent, 
alcohol  is,  therefore,  probably  indicative  of  adulteration.  Oil 
of  lemon  and  turpentine  are  also  used  to  sophisticate  the 
pure  oil.  These  will  be  indicated  by  the  lowering  of  the 
specific  gravity  and  the  alteration  in  the  optical  rotation. 
This  oil  is  worth  about  four  times  as  much  as  a  fair  quality 
ginger  oil. 

Cardamom  Oil. — The  oils  form  different  kinds  of  car- 
damoms, and  although  similar  in  general  properties,  differ  to 
a  certain  extent  chemically.  The  seeds  from  which  the  oil  is 
distilled  are  chiefly  exported  from  South-west  India  and 
Ceylon  in  their  pericarps,  forming  the  cardamoms  of  com- 
merce. The  British  Pharmacopoeia  of  1885  prescribed 
Malabar  cardamoms,  but  the  1898  Pharmacopeia  is  less 
stringent,  and  there  are  three  chief  varieties  agreeing  with 
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the  new  description.  According  to  the  Chemist  and  Druggist 
(Diary,  1899,  p.  500),  the  following  are  their  chief  char- 
acters : — 

"  My sores. — Divided  into  rounds  and  longs.  The  former 
are  what  the  B.  P.  calls  '  ovoid  ' ;  they  vary  in  length  from 
|  inch  to  i  inch  (the  latter  1  in  10),  and  have  a  smooth 
pericarp  of  a  cream  colour,  due  to  the  use  of  bleaching  agents. 
Their  quality  is  judged  by  their  weight.  Sometimes  the 
seeds  are  shrivelled  (unripe),  so  that  the  fruit  is  husky.  This 
is  not  so  frequent  in  the  longs,  which  are  simply  thinner  than 
the  rounds,  and  are  not  so  smooth  on  the  surface,  nor  so  pale, 
as  a  rule.  The  B.  P.  description,  '  longitudinally  striated,' 
might  exclude  most  of  the  rounds,  as  they  look  smooth  until 
closely  examined. 

"  Malabars. — These  are  smaller  than  Mysores,  and  there 
is  a  greater  proportion  of  seed  to  pericarp  in  them.  They 
are  fat  pods,  with  a  pointed  apex.  Generally  pale  brown 
or  pink  and  longitudinally  striated.  Earely  more  than  J 
inch  long.    They  have  a  full  flavour. 

"  Mangalores. — These  are  almost  globular  in  shape  and 
not  unlike  Malabars.  All  three  are  washed  or  bleached 
before  exportation. 

"  Seeds. — A  goodly  proportion  of  cardamoms  come  straight 
into  the  market  freed  from  their  pericarps.  The  B.  P. 
excludes  these  because  they  are  supposed  to  lose  flavour 
on  keeping.  Wholesalers  and  large  manufacturers  use  them 
when  fresh;  fine  brown  seed  is  as  strong  as  the  kind  just 
freed  from  the  pericarps.    Grey  seeds  are  inferior." 

It  is  fairly  certain  that  the  plant  Elettaria  cardamomum 
produces  most  of  the  ordinary  cardamoms,  whilst  the  "  Ceylon 
wilds  "  are  the  product  of  a  variety  of  this  plant,  known  as 
variety  @.  The  majority  of  the  cardamoms  of  commerce 
are  imported  from  Ceylon,  and  may  be  described  as  Geylon- 
Malabars  or  Geylon-Mysores,  according  as  they  fit  in  with 
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the  above  descriptions.  The  Ceylon  wilds  are  mostly  con- 
sumed in  the  manufacture  of  a  certain  cake  made  in  South 
Germany,  and  are  not  an  ordinary  article  of  commerce.  Some 
confusion  exists  as  to  the  botanical  characters  of  some  of 
these  seeds,  and  more  so  as  to  the  essential  oils  they  yield. 
The  oil  is  usually  distilled  from  Ceylon  seeds,  which  yield  from 
3  to  6  per  cent,  of  oil.  According  to  Weber,  cardamom  oil 
contains  terpinene,  and  another  terpene  (either  hmonene  or 
dipentene)  and  terpineol.  According  to  Schimmel,  the  oil 
derived  entirely  from  Malabar  cardamoms  (Elettaria  car- 
damomum)  is  obtained  to  the  extent  of  from  4  to  8  per 
cent,  of  the  seeds  used.  Its  specific  gravity  was  '943  and  its 
optical  rotation  +  34°  52'.  It  dissolved  in  4  parts  of  70  per 
cent,  alcohol.  It  was  found  to  require  132  per  cent,  of  potash 
for  saponification,  thus  indicating  a  very  high  ester  content. 
The  esters  were  chiefly  those  of  acetic  acid.  Whilst  no 
terpinene  was  found  in  the  oil,  a  considerable  amount  of 
cineol  and  dextro-rotary  terpineol  were  detected.  The  chem- 
istry of  these  oils  still  requires  considerable  elucidation. 
Haensel  gives  the  specific  gravity  as  0-933  and  the  optical  rota- 
tion as  +  26°.  Samples  of  oil  distilled  from  both  Malabar 
and  Mysore  (Ceylon)  seeds,  obtained  from  authentic  sources 
by  the  author,  showed  that  there  was  practically  no  difference 
between  the  two  oils,  although  Schimmel  states  that  Ceylon 
cardamom  oil  has  a  specific  gravity  of  "895  to  '910  and  a 
rotation  of  +  12°  to  +  13°.  It  is  probable  that  the  oil  from 
the  so-called  Ceylon  wild  cardamoms  is  here  meant. 

The  Ceylon-Malabar  seeds  distilled  by  the  author  yielded 
1'3  per  cent,  of  oil,  and  the  Ceylon-Mysores  2'6  per  cent. 
Both  were  bright  yellow  liquids,  whose  odours  were  scarcely 
distinguishable.  The  specific  gravities  and  optical  rotations- 
were  as  follows : — 
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Sp.  Gr.  at  15-5°. 

Optical  Rotation 

at  16° 
(100  mm.  Tube). 

Oil  of  Malabar  cardamoms  . 
Oil  of  Mysore  cardamoms  . 

0-9418 
0-9418 

+  40°  41' 

+  46°  39'- 

These  figures  are  in  fair  agreement  with  those  given  for 
Malabar  oil,  but  in  no  way  resemble  those  quoted  by 
Schimmel  for  Ceylon  oil,  which  are  difficult  to  understand. 

The  oils  were  soluble  with  a  slight  opacity  in  40  to  45 
volumes  of  60  per  cent,  alcohol. 

Little  difference  exists  between  the  two  oils.  On  distilla- 
tion at  ordinary  pressure  the  oil,  which  is  very  rich  in  esters, 
in  both  cases  decomposes  partially,  and  a  considerable  quan- 
tity of  free  acid  distils  over.  According  to  Weber  (Annalen, 
238,  89),  formic  and  acetic  acids  are  found  in  the  distillate. 
Acetic  acid  is  undoubtedly  the  chief  acid  constituent  of  the 
esters,  but  the  author  is  unable  to  confirm  the  presence  of 
formic  acid.  If  it  is  present,  it  is  only  in  faint  traces.  On 
distillation  under  reduced  pressure  the  earlier  fractions  (the 
boiling  point  rises  gradually  until  50  per  cent,  has  distilled 
over)  contain  cineol,  but  only  to  the  extent  of  5  to  10  per 
cent,  of  the  oil.  This  figure  is  the  result  of  an  approximate 
estimation  by  means  of  phosphoric  acid.  The  earlier  fractions 
also  contained  one  or  more  terpenes,  amongst  which  was 
limonene.  Weber  states  that  terpinine  is  also  present,  but 
the  author  was  unable  to  identify  this  hydrocarbon,  nor  could 
Schimmel  find  it  in  Malabar  oil :  and  as  it  easilv  forms  a 
well-defined  nitrite  when  present,  it  cannot  exist  in  an  ap- 
preciable quantity.  A  small  quantity  of  terpineol  is  present 
in  both  oils,  and  is  easily  identified  by  its  phenylurethane. 
Schimmel  states  that  it  is  an  optically  active  modification. 
The  terpineol  comes  over  with  the  fraction  obtained  at  160 
to  170°  C.  at  18  mm.    The  nature  of  the  alcoholic  constituent 
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of  the  greater  part  of  the  esters  requires  further  elucidation. 
Wallach  has  recently  identified  the  terpene  sabinene  in  this  oil. 

In  addition  to  the  above,  the  following  varieties  of  "car- 
damom "  oil  have  been  described :  Korarima  Cardamom 
Oil  is  the  product  of  Amomum  korarima.  The  yield  is 
about  2  per  cent.,  but  the  oil  has  not  yet  been  examined. 

Kameroon  Cardamom  Oil. — The  fruits  from  which  this 
oil  is  obtained  are  identical  with  the  Madagascar  cardamoms. 
They  are  derived  from  Amomum  danielli.  The  yield  of  oil 
was  2*33  per  cent.,  its  specific  gravity  was  "907,  and  its  opti- 
cal rotation  -  20°  34'.  The  oil  is  soluble  in  7  to  8  parts  of 
80  per  cent,  alcohol.  It  contains  cineol  and  possesses  an 
odour  which  prevents  its  being  employed  as  a  substitute 
for  the  ordinary  oil. 

Siam  Cardamom  Oil. — This  oil  is  distilled  from  the  seeds 
of  Amomum  cardamomum,  which  are  known  on  the  market 
as  camphor  seeds  on  account  of  their  camphor-like  odour. 
Schimmel  obtained  2'4  per  cent.,  which  was  semi-solid  at 
the  ordinary  temperature,  and  had  an  odour  of  camphor  and 
borneol.  In  order  to  liquefy  the  oil  it  was  necessary  to 
warm  it  to  42°.  Its  specific  gravity  at  this  temperature  was 
'905,  and  its  optical  rotation  +  38°  4'.  It  required  1'88  per 
cent,  of  KOH  to  saponify  the  esters  present,  and  contained 
alcohols  equivalent  to  22*5  per  cent,  of  borneol.  It  was  soluble 
in  1*2  volumes  of  80  per  cent,  alcohol.  From  800  grammes 
of  the  oil  100  grammes  of  the  solid  compounds  were  obtained 
by  centrifugal  action.  These  were  examined  and  found  to 
consist  of  about  equal  parts  of  dextro-bomeol  and  dextro- 
camphor. 

Grains  of  Paradise  Oil  are  obtained  from  the  seeds  of 
Amomum  Melegueta  to  the  extent  of  '75  per  cent.  The 
odour  is  aromatic,  but  not  so  fine  as  true  cardamom  oil. 
Its  specific  gravity  is  '894,  and  optical  rotation  about  -  4°. 
It  is  soluble  in  10  volumes  of  90  per  cent,  alcohol. 
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Bengal  Cardamom  Oil  is  obtained  from  the  seeds  of 
A.momum  aromaticum.  Schimmel  obtained  from  these  1*12 
<per  cent,  of  a  light  yellow  oil  having  the  specific  gravity  '920 
and  optical  rotation  -  12°  41'.  It  possessed  a  strong  odour 
of  cineol,  and  was  soluble  in  an  equal  volume  of  80  per  cent, 
alcohol.  The  greater  part  distilled  over  below  220°.  Although 
vthis  oil  resembles  true  cardamom  oil  somewhat,  it  lacks  the 
•characteristic  odour  of  that  oil,  and  cannot  therefore  be  used 
•in  its  place. 

Turmeric  Oil  is  distilled  from  the  roots  of  Curcuma  longa, 
■one  of  the  Zingiberaceae  indigenous  to  India,  and  cultivated 
also  in  China  and  Southern  Asia,  etc.  The  oil,  which  is 
not  of  commercial  importance,  is  obtained  to  the  extent  of 
,:about  5  per  cent,  as  a  thick  yellow  oil  of  specific  gravity 
•940.  According  to  Jackson  and  Menke  (Amer.  Chem. 
.Jour.,  iv.,  p.  368),  it  is  separable  by  fractional  distillation 
•under  a  pressure  of  60  mm.  into  three  portions,  the  first 
boiling  below  193°,  the  second  from  193°  to  198°,  and  the 
-±hird  forming  a  semi-solid  residue.  The  chief  ingredient 
•was  the  fraction  193°  to  198°  which  consisted  of  a  nearly 
pure  alcohol,  a  pale  yellow  oil  with  an  aromatic  smell,  of 
tspecific  gravity  "9016,  and  optical  activity  [a]a  =  +  33°  52'. 
At  ordinary  pressure  it  boils  at  285°  to  290°.  It  appears  to 
be  an  alcohol  of  the  formula  C19H280  which  has  been  called 
turmerol.  Valeric  and  caproic  acids  have  also  been  isolated. 
According  to  Suida,  the  principal  ingredient  is  a  body  isomeric 
with  carvone,  Ci0H14O,  but  this  is  probably  incorrect.  The 
•terpene  phellandrene  has  been  found  in  the  oil.  This  oil 
has  a  characteristic  curry-like  odour,  and  is  of  little  or  no 
'Commercial  importance. 

Zedoary  Oil,  the  product  of  distillation  of  the  roots  of 
^Curcuma  Zedoaria,  the  zedoary  of  commerce,  is  an  oil 
of  specific  gravity  '990  to  l'OlO,  occurring  to  the  extent  of 
•from  1  to  2  per  cent,  in  the  roots.    With  the  exception  that 
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cineol  has  been  identified  as  one  of  its  constituents,  practically 
nothing  is  known  of  its  chemistry.  It  is  a  thick  yellow  oil 
with  a  camphoraceous  odour,  due,  no  doubt,  to  the  presence- 
of  cineol. 

Kaempferia  Oil  is  the  product  of  distillation  of  the  roots, 
of  Kaempferia  rotunda,  a  plant  which  was  for  a  long  time 
believed  to  be  that  which  yielded  the  zedoary  of  commerce.. 
This  is  now,  however,  known  to  be  incorrect.  The  yield 
of  oil  is  about  "2  per  cent.  Its  specific  gravity  is  '890  to- 
'900  and  its  optical  rotation  about  +  12°.  If  kept  long, 
however,  the  oil  thickens  and  the  specific  gravity  increases 
to  0-945  or  even  0'950.    It  contains  cineol. 

Hedychium  Oil  is  distilled  from  the  flowers  of  Hedychiwm- 
coronarium.  Its  specific  gravity  is  given  by  Schimmel  as- 
'869  and  its  optical  rotation  as  -  0°  28'.  There  are  a  large- 
number  of  species  of  this  genus,  mostly  natives  of  India,, 
with  very  aromatic  flowers.  Practically  nothing  is  known,, 
however,  of  their  essential  oils.  A  useful  resume  of  their 
botanical  characteristics  will  be  found  in  Sawyer's  Odoro- 
graphia  (second  series,  p.  72). 

II.  DICOTYLEDONS. 
(a)  Monochlamydece. 

N.  O.  PlPEKACEiB. 

Oil  of  Cubebs. — This  oil,  which  is  official  in  the  British 
Pharmacopoeia,  is  distilled  from  the  fruit  of  Piper  cubeba 
(Cubeba  officinalis,  Miq.).  The  cubebs  of  commerce  are  the 
dried  unripe  fruits,  which  resemble  ordinary  black  pepper- 
in  appearance,  except  that  they  are  rather  lighter  in  colour ;: 
they  are  chiefly  imported  from  Java. 

The  berries  are  coarsely  ground  and  distilled  with  steam,, 
yielding  from  10  to  18  per  cent,  of  volatile  oil.  This  is  of  a 
faint  greenish  or  greenish-blue  colour,  and  of  very  character- 
istic and  somewhat  aromatic  odour.    The  colour  has  beeni 
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stated  to  be  due  to  copper,  but  this  is  erroneous,  as  the  higher 
fractions  contain  a  blue  oil  in  greater  or  less  quantity,  which 
determines  the  tint  of  the  liquid.  The  solubility  of  this  oil  in 
90  per  cent,  alcohol  is  very  variable,  some  oils  dissolving  in  an 
equal  volume,  others  requiring  10  volumes  to  effect  solution. 
The  specific  gravity  varies  from  -910  to  -930,  and  the  optical 
rotation  from  -  30°  to  -  40°,  usually  about  -  32°  Its 
refractive  index  is  about  l-4950.  The  chemistry  of  this  oil 
is  in  need  of  further  elucidation,  as  it  is  clear  that  there  are 
several  constituents  present  which  have,  so  far,  escaped 
identification.  The  terpene  dipentene  is  present,  and  the 
sesquiterpene  cadinene,  probably  together  with  another 
sesquiterpene.  There  is  also  present,  especially  in  the  oil 
distilled  from  old  fruit,  which  has  doubtless  become  partially 
oxidised,  a  small  amount  of  the  so-called  cubeb-camphor. 
This  body,  ClbH2bOK,  appears  to  be  a  crystalline  sesquiter- 
pene alcohol  derived  from  the  sesquiterpenes  (or  one  of 
them)  by  oxidation.  From  a  mixture  of  ether  and  alcohol  it 
crystallises  in  rhombs,  melting  at  65°  and  boiling  at  about. 
245°  with  decomposition.  The  nature  of  the  blue  oil  found 
in  the  higher  fractions  is  unknown.  Fractionation  yields 
useful  information  in  the  examination  of  the  oil,  and  although 
the  quantities  obtained  at  various  temperatures  are  not  con- 
stant, the  following  represents  an  average  sample,  distilled 
from  an  ordinary  Wurtz  flask.  The  oil  commences  to  boil 
at  about  170°  to  180°,  and  there  passes  over  : — 

Per  cent. 
Below  250°  10 
250°-260°  25 
260°-270°  50 
270°-280°  5 

These  results  will  indicate  the  absence  of  turpentine. 

Few  oils  have  varied  so  largely  in  price  during  the  past 
twenty  years  as  this.  Fifteen  years  ago  it  was  worth  from 
40s.  to  50s.  per  lb.    To-day  it  can  be  bought  of  absolute 
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purity  at  about  5s.  to  6s.  Over-production  was  originally 
partially  responsible  for  this,  but  at  the  same  time,  the  use 
of  the  oil  in  medicine  is  becoming  much  less  common  than 
it  was  formerly.  As  a  drug  it  is  valued  on  account  of  its 
action  on  the  urinary  organs,  but  in  this  respect  it  has 
largely  given  way  to  santal  oil  and  balsam  of  copaiba. 
It  is  employed  also  to  a  small  extent  to  flavour  certain 
liqueurs. 

Matico  Oil.— This  oil  is  distilled  from  the  leaves  and 
spikes  of  Piper  angustifolium  (Artanthe  elongata,  Miq.), 
a  plant  indigenous  to  tropical  America.  Probably  other 
species  are  sometimes  used  for  distillation.  The  yield  of  oil 
is  very  variable,  from  less  than  |  per  cent,  to  3'5  per  cent. 
The  oil  is  a  liquid  of  somewhat  penetrating  odour,  of  specific 
gravity  *93  to  T130,  according  to  the  species  of  plant  used  in 
distillation.  The  oil  is  now  usually  found  to  have  a  specific 
gravity  1*05  to  1130  and  is  usually  slightly  laevo-rotary. 
It  is  soluble  in  10  parts  of  80  per  cent,  alcohol,  and  optical  rota- 
tion from  -  1°  to  +  6°.  Very  little  is  known  of  the  chemistry 
of  the  oil.  There  is  present  a  small  quantity  of  "matico 
camphor,"  a  crystalline  odourless  solid  of  specific  gravity 
1'080,  melting  at  94°  and  strongly  laevo-rotary.  Its  formula 
is  C12H20O,  and  it  has  been  suggested  that  it  is  the  ethyl 
derivative  of  ordinary  camphor,  but  there  is  no  experimental 
evidence  in  favour  of  this.  This  body  seems  to  be  generally 
absent  from  the  oil  distilled  at  the  present  time.  Schimmel 
•&  Co.  state  that  they  have  found  asarone  C12H16O3  in  one 
sample  of  the  oil,  which  had  the  specific  gravity  1*077  and 
was  slightly  laevo-rotary. 

An  oil  has  recently  been  examined  by  Schimmel  which 
contained  much  asarone.  A  mixture  of  terpenes  and  cineol 
was  also  identified.  A  sesquiterpene  alcohol  also  appeared 
to  be  present  in  this  oil,  which  is  possibly  identical  with 
the  matico  camphor  which  is  now  not  always  present  in 
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normal  distillates.  How  far  differences  in  climate  and  soil 
are  responsible  for  these  peculiarities  is  not  known. 

The  oil,  which  is  employed  in  medicine  to  a  small  extent , 
is  often  adulterated  with  alcohol  and  turpentine,  on  account 
of  its  high  price.    Its  commercial  importance  is  not  great. 

Betel  Oil  is  distilled  from  the  leaves,  either  fresh  or  dried, 
of  Piper  betle  (Ghavica  betle,  Miq.).  The  yield  is  from  '5  to 
1  per  cent.  Eykman  investigated  the  oil  some  years  ago' 
and  stated  that  it  contained  the  phenol,  chavicol  (q.v.)t 
several  terpenes,  a  sesquiterpene  and  possibly  cymene  and 
cineol.  He  described  it  as  a  yellowish-green  oil,  with  a 
burning  taste,  and  peculiar,  pleasant  odour.  It  was  stated 
by  him  to  be  laevo-rotary.  Bertram  and  Gildemeister, 
however,  in  1890,  distilling  the  oil  from  the  dried  leaves, 
stated  that  the  oil  contained  70  to  75  per  cent,  of  betel- 
phenol,  which  was  found  to  be  a  methoxy-chavicol.  They 
identified  the  sesquiterpene  as  cadinene.  Schimmel  states 
that  the  oil  distilled  from  leaves  from  all  sources  contained 
this  betel-phenol,  and  in  addition  the  oil  from  Java  leaves 
contained  several  terpenes  and  chavicol,  and  that  from  dried 
Siam  leaves  contained  a  sesquiterpene,  and  that  from  Manila, 
contained  betel-phenol,  but  no  chavicol.  They  give  the 
specific  gravities  as  follows.  Dried  leaves,  Bangkok,  1*024  ; 
fresh  leaves,  Java,  -958;  fresh  leaves,  Manila,  T044.  The 
optical  rotation  is  -  2°  to  +  3°.  This  oil  is  of  no  commercial 
importance. 

Pepper  Oil.— This  oil  is  distilled  from  the  unripe  berries, 
of  Piper  nigrum.  The  yield  of  oil  is  from  1  to  2  5  per  cent. 
The  oil  is  often  of  a  greenish  colour,  somewhat  resembling 
oil  of  cubebs,  but  with  a  much  more  pungent  odour.  The 
green  colour  is  due  to  a  high  boiling  constituent,  possibly 
identical  with  that  in  oil  of  cubebs.  Its  specific  gravity  is 
0-870  to  0*900  and  the  rotary  power  -  5°  to  +  2°.  The  oil  was 
shown  to  consist  of  terpenes  (chiefly  phellandrene),  and  one 
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•or  more  sesquiterpenes.  An  oil  is  also  obtainable  from  the 
long  pepper,  Piper  longum.  This  pepper  yields  1  per  cent, 
•of  a  thick  pale  greenish  oil,  of  specific  gravity  '861,  boiling 
chiefly  between  250°  and  300°. 

A  Pepper  Oil  is  obtained  from  the  fruits  of  the  Javanese 
plant  Piper  Lowong,  also  known  as  "  false  cubebs".  The  oil 
•obtained  by  direct  distillation  of  the  powdered  fruits  with 
steam  has  a  specific  gravity  of  about  '860,  whilst  that  obtained 
by  distilling  the  ethereal  extract  has  the  high  specific  gravity 
"925.  A  sesquiterpene  appears  to  be  present,  and  a  crystalline 
body  melting  at  164°,  which  is  probably  a  sesquiterpene  alcohol. 

N.  O.  Cannabinace^e. 

Oil  of  Hops. — This  oil  is  distilled  from  the  flowers  of  the  " 
•ordinary  hop,  Humulus  lupulus,  which  yield  from  *3  to  1 
per  cent.  The  oil  glands  are  situated  under  the  scales  of 
the  flowers  (catkins) ;  these  grains  or  glands  can  be  separated 
from  the  flowers,  and  are  known  in  commerce  as  lupulin. 
The  quality  of  the  oil  is,  of  course,  dependent  on  the  state 
of  the  flowers,  and  when  the  crops  have  had  to  be  "sul- 
phured," the  oil  obtained  from  the  flowers  is  less  valuable 
and  contains  traces  of  sulphur.  The  pure  oil  has  a  pale 
yellow  to  faint  green  tint,  but  can  be  obtained  colourless 
by  rectification.  It  has  a  penetrating  hop  odour.  The 
•specific  gravity  usually  lies  between  0'850  and  0*880,  but 
sometimes  is  as  low  as  0"840.  The  oil  is  usually  dextro- 
rotary,  but  seldom  exceeds  +  1°.  Several  chemists  have  in- 
vestigated this  oil.  It  is  not  soluble  in  90  per  cent,  alcohol 
as  a  rule,  and  often  not  in  95  per  cent,  alcohol.  In  1822 
Payen  and  Chevalier  stated  that  there  were  at  least  two 
bodies  present.  Wagner  in  1853  obtained  a  terpene  boiling 
at  175°  and  an  oxygenated  body  which  yielded  valeric  acid  on 
oxidation.  Personne  {Jour.  Pharm.,  xxvi.,  p.  241,  and  xxvii., 
p.  22)  obtained  a  dextro-rotary  terpene  of  specific  gravity  '888. 
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The  most  modern  and  reliable  investigation,  however,  is  due 
to  Chapman.  Four  samples  of  authentic  origin  gave  the 
following  figures : — 


All  these  samples  were  free  from  sulphur  and  neutral  to 
litmus.  No  ketones  or  aldehydes  were  detected  in  the  oil. 
A  prolonged  series  of  fractionations  at  60  mm.  pressure 
yielded  the  following  fractions:  (1)  89°  to  91°;  (2)  145°  to 
150°;  (3)  163°  to  168°;  (4)  168°  to  173°.  The  first  and 
fourth  were  the  main  fractions,  the  second  and  third  being 
very  small.  Fraction  No.  1  was  a  colourless  oil,  prac- 
tically unacted  upon  by  sodium.  When  distilled  from  this 
metal,  it  boiled  at  86°  to  89°  at  the  same  pressure.  Under 
ordinary  pressure  it  boiled  at  166°  to  171°  almost  entirely, 
but  towards  the  end,  the  temperature  went  up  to  250°,  due 
to  polymerisation  of  the  original  substance.  The  specific 
gravity  at  20°  was  found  to  be  "799  and  the  rotation  -  >0'56'. 
It  is  clear  that  this  body  is  not  a  normal  terpene,  and  Chap- 
man's experiments  lead  him  to  consider  it  as  a  mixture  of 
tetrahydrocymene,  and  one  of  the  so-called  "oleferiic 
terpenes,"  bodies  as  yet  but  little  understood.  Fraction 
No.  2  was  a  liquid  of  specific  gravity  -885,  and  may  be 
geraniol.  Fraction  No.  3  was  a  mixture  of  2  and  4. 
Fraction  No.  4  was  found  to  be  a  sesquiterpene,  to  which 
the  name  humulene  (q.v.)  was  given.  The  same  observer 
has  also  published  figures  for  hop  oils  obtained  from  different 
sources  as  follows  : — 


Specific  Gravity  at  15°.    Rotation  [a]^. 


1 

2 
3 
4 


•8802  +  0-41' 

•8662  +  0-58' 

■8771  +  0-50' 

•8743  ,  — 


1901 

California!!  hops  1899 


Bavarian  hops  1894 


Specific  Gravity.  Rotation. 

0-8676  +  0°  30' 

0-8403  -  0°  08' 

0-8639  -  0°  20' 
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On  distilling  one  of  these  oils  he  obtained  again  the 
"olefenic  "  terpene  above  referred  to,  and  linalol,  together 
with  an  acid  C9H1802  (probably  isononylic  acid)  in  the  form 
of  esters.  Dipentene  was  also  detected  and  probably  esters 
of  geraniol.  The  sesquiterpene  humulene  and  the  olefenic  ter- 
pene make  up  more  than  80  per  cent,  of  the  oil.  Schimmel 
&  Co.  have  detected  gurjun  oil  as  an  adulterant  of  this  oil. 

For  further  details  of  the  chemistry  of  this  body,  which  con- 
stitutes the  greater  part  of  the  oil,  see  the  original  papers- 
(Ghem.  Soc.  Proc,  1893,  p.  177,  and  Jour.  Ghent.  Soc,  1895, 
pp.  54  and  780,  and  1903,  p.  505).  This  oil,  which  is  very 
expensive,  is  used  to  some  extent  in  the  brewing  industry, 
both  to  add  flavour  to  beer  and  to  give  a  good  odour  to  poor 
and  damaged  hops. 

Hemp  Oil. — The  flowers  of  Cannabis  sativa  yield  about 
Ath  per  cent,  of  volatile  oil  of  specific  gravity  about  "930. 
It  is  laevo-rotary  to  the  extent  of  about  -  10°  to  -  12°. 
The  oil  appears  to  consist  entirely,  or  nearly  entirely,  of. 
sesquiterpenes  and  terpenes. 

Indian  Hemp  Oil  is  obtained  by  subjecting  the  flowering 
twigs  of  Cannabis  Indica  to  steam  distillation.  According 
to  Valente  the  resulting  oil  is  of  thin  consistency,  and 
possesses  an  agreeable  aromatic  odour.  It  boils  between  248° 
and  268°.  Its  specific  gravity  is  about  -930,  and  optical 
rotation  -  10°,  and  it  appears  to  consist  chiefly  of  a  sesquiter- 
pene, which  has  been  named  cannibene. 

Vignolo  obtained  an  oil  by  distilling  the  female  flowering 
plant,  of  similar  boiling  point,  and  of  optical  rotation  -  18°. 
Wood,  Spivey  and  Easterfield  isolated  from  the  resinous  ex- 
tract an  oil  of  the  formula  C18H2402,  which  is  resinous  at 
ordinary  temperatures,  and  boils  at  265°.  Its  specific  gravity 
is  T0424  at  18°.  It  has  been  termed  cannabinol.  They  also 
found  a  slightly  laevo-rotary  terpene  (?),  of  specific  gravity 
0-819  and  boiling  at  160°  to  180°.    They  found  that  the  ses- 
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quiterpene  distilled  at  258°  to  259°,  and  had  a  specific  gravity 
0-898  at  18°  and  a  rotation  of  -  8-6°. 

N.  0.  Myricace^. 

Bayberry  Oil. — The  leaves  of  Myrica  cerifera,  the  bay- 
berry  or  the  wax  myrtle,  yield  about  '02  to  -05  per  cent,  of 
an  essential  oil  of  specific  gravity  about  '885  and  optical 
rotation  -  5°.  The  leaves  of  the  bog  myrtle,  Myrica  gale, 
also  yield  a  small  quantity,  under  1  per  cent.,  of  oil  of  agree- 
able odour.  Its  specific  gravity  is  about  '870.  It  contains 
a  large  quantity  of  stearoptene,  and  solidifies  at  about  11°. 
The  chemistry  of  these  oils  is  practically  uninvestigated. 
(These  plants  must  not  be  confused  with  the  true  myrtle, 
Myrtus  communis,  which  will  be  referred  to  later.) 

Sweet  Fern  Oil.— The  leaves  of  Comptonia  asplenifolia, 
another  plant  of  this  natural  order,  yield  about  f^th  per  cent, 
of  an  essential  oil  of  specific  gravity  -926,  congealing  when 
cooled. 

N.  0.  Salicine^e. 
Poplar  Oil.— The  young  buds  of  the  black  poplar,  Populus 
nigra,  yield  from  "3  to  "6  per  cent,  of  oil  of  a  pale  yellow 
colour  somewhat  recalling  the  odour  of  chamomiles.  Its 
specific  gravity  varies  from  -900  to  -905.  Its  optical  rotation 
is  +  1°  to  +  6°  and  its  ester  number  about  15.  Picard  gives 
•9002  as  the  specific  gravity  of  a  sample  he  examined,  and 
stated  that  it  consisted  chiefly  of  a  hydrocarbon  C20H32,  was 
dextro-rotary,  and  boiled  at  260°.  Fichter  considers,  however, 
that  it  consists  chiefly  of  the  sesquiterpene  humulene,  and 
another  sesquiterpene  not  yet  identified. 

N.  O.  CHENOPODIACEiE. 

Chenopoalium  Oil.— This  oil  is  also  known  as  American 
wormseed  oil.  It  is  distilled  from  both  the  fruit  and  the 
whole  herb  of   Chenopodium  ambrosio'ides ,   var.  anthel- 
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minticum,  the  fruit  yielding  about  1  per  cent.,  and  the  herb 
•3  per  cent,  of  oil.  The  specific  gravity  of  the  fruit  oil  is  about 
•975,  and  of  the  herb  oil  about  -900.  According  to  Schimmel 
(Report,  1893),  samples  of  fruit  oil  from  absolutely  reliable 
sources  have  a  specific  gravity  of  about  '970,  and  are  soluble 
in  10  volumes  of  70  per  cent,  alcohol.  The  fruit  oil  is  laevo- 
rotary,  from  -  5°  to  -  18°.  The  herb  oil  has  an  odour  recall- 
ing trimethylamine,  but  nothing  definite  is  known  of  its 
chemistry.  Oil  from  seeds  only  has  a  specific  gravity  about 
0-900  ;  that  from  the  leaves,  0-880.  It  is  probable  that  this 
oil  contains  limonene  and  an  alcohol  of  the  formula  Cl0H16O. 

N.  O.  Laurine^. 

Cassia  Oil. — This  oil  is  distilled  from  the  leaves,  twigs 
and  other  parts  of  the  plant  Cinnamomum  cassia,  which 
is  probably  a  native  of  Cochin  China,  but  which  is  chiefly 
cultivated  in  China  proper,  the  three  chief  districts  being 
Taiwu  (Lat.  23°  34'  N.,  Long.  110°  18'  E.),  in  the  Kwangsi 
province  ;  Lukpo  (Lat.  23°  6'  N.,  Long.  112°  24'  E.),  and 
Loting  (Lat.  22°  52'  N.,  Long.  111°  8'  E.),  both  in  the 
Kwangtung  province.  Much  confusion  and  mystery  existed 
till  recently  in  regard  to  the  exact  botanical  source  of  the 
plant  and  the  nature  of  the  oil  and  the  methods  of  its  distil- 
lation, etc.,  which  were  largely  brought  about  by  the  shameful 
adulteration  by  the  Chinese.  The  following  details  given  by 
actual  observers  will  give  the  most  reliable  information  on 
much  affecting  these  questions.  In  a  Report  on  a  Journey 
to  Kwangsi,  by  H.  Schroeter,  1887,  the  writer  says  :— 

"  The  shrubs  destined  for  the  production  of  the  Cassia 
lignea  proper  are  partly  stripped  during  the  summer  months 
of  their  minor  branches  and  exceptionally  juicy  leaves.  They 
are  then  conveyed  in  huge  bundles  into  the  valley,  where 
they  are  boiled  in  large  vessels.  Erom  the  aromatic  juice 
thus  obtained  the  esteemed  cassia  oil  is  recovered  by  means 
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of  a  most  primitive  distilling  apparatus.  As  the  Li-kin 
stations  on  the  road  to  Canton  levy  an  excessive  duty  upon 
the  oil.  in  addition  to  that  exacted  by  the  Imperial  Customs, 
the  oil  is  carried  in  tins  across  the  hills  to  Pakhoi  and  thence 
transported  to  Hong-Kong,  via  Macao,  instead  of  reaching  Can- 
ton by  the  waterway,  intended  by  nature  for  its  conveyance." 

These  statements  are  in  agreement  with  those  contained 
m  a  report  presented  to  the  Hong-Kong  Government  by 
Mr.  Charles  Ford,  which  will  be  found  reprinted  in  the 
Journal  of  the  Linncean  Society,  December,  1882,  and  in 
which  much  valuable  information  is  given.  More  recently 
(1895),  Messrs.  Siemssen  &  Co.  of  Hong-Kong,  on  whose 
behalf  Herr  Schroeter's  visit  was  made,  sent  a  representative, 
Mr.  Struckmeyer,  to  the  Loting-Chow  districts,  in  company 
with  the  German  consul,  Dr.  Knappe.  The  report  of  these 
travellers  is  sufficiently  interesting  to  warrant  its  reproduc- 
tion here.  For  it,  the  author  is  indebted  to  Messrs.  Schim- 
mel  &  Co.    It  reads  as  follows  :— 

"  We  embarked  on  the  right  bank  of  the  West  river, 
opposite  Tack-Hing-Chow,  at  six  a.m.  on  the  15th  of  Decem- 
ber, 1895.  We  left  there  our  large  boat  and  went  to  a  place 
with  extensive  matting  factories,  located  on  the  Loting- 
Chow  or  Lintau  river,  arriving  there  about  half-past  two 
o'clock  in  the  afternoon.  Next  morning  we  continued  our 
march  to  Loting-Chow,  under  the  guidance  of  a  Chinese, 
a  manager  of  one  of  the  largest  matting  establishments  in 
Lintau.  We  were  attended  by  a  servant  of  the  consul,  who 
also  served  as  interpreter,  and  by  several  Chinese  coolies. 
After  a  brisk  march  we  took  up  our  quarters  in  a  small 
Chinese  temple,  and  made  strolls  through  the  city,  which 
although  small,  seems  to  be  a  busy  trading  place.  Loting- 
Chow  is  pre-eminently  a  centre  for  all  the  products  of  the 
cassia  tree,  and  for  firewood  to  be  shipped  thence  to  Canton 
and  Macao. 
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"  The  cassia  plantations  are  still  further  inland,  and  we 
had  to  defer  visiting  them  until  the  next  day,  because  they 
were  too  far  off,  according  to  our  informants  in  Loting-Chow. 
They  proposed,  however,  to  accompany  us  the  following  day 
to  cassia  plantations  as  well  as  to  a  distillery.  During  the 
afternoon  we  visited  a  dealer  in  cassia  oil,  the  only  one  in 
the  place,  he  pretended.  Subsequently,  on  our  return,  we 
ascertained  this  statement  to  be  false.  At  first  he  was  very 
reticent,  but  subsequently  yielded  to  some  pressure.  He 
possessed  a  separating  funnel,  a  syphon,  test-tubes,  etc.,  as 
recommended  by  Messrs.  Schimmel  &  Co.  in  Leipzig,  and 
pretended  to  examine  all  oils  offered  to.  him  for  sale,  because 
he  had  been  condemned,  as  he  said,  to  $900  damages  for 
inferior  cassia  oil  sold  by  him  some  five  years  ago.  He 
assorts  the  commercial  oil  into  four  to  five  grades,  but  deals 
only  in  the  three  best  qualities,  unadulterated  in  his  opinion. 
He  had  in  stock  but  a  small  quantity  of  the  best  oil,  and  gave 
us  small  specimens  of  three  kinds  of  his  oil,  of  which  I  shall 
treat  more  fully  further  on. 

"  Although  everything  was  arranged  for  the  next  day 
with  our  Chinese  guides,  we  had  to  face  considerable 
difficulties.  During  the  evening  we  were  informed  that  a 
certain  '  Mr.  Wong '  (who  never  appeared  in  person)  had 
arrived  from  the  interior,  and  reported  that  a  visit  to  the 
cassia  plantations  would  be  of  no  use,  and  that  it  would  no 
be  possible  to  inspect  any  distillery,  because  some  children 
had  been  instructed  by  thieves  to  steal  the  leaves  from  the 
cassia  trees,  and  that  in  consequence  a  brisk  contest  between 
the  owners  and  the  thieves  was  in  progress.  Besides,  it 
was  claimed  that  only  one  distillery  existed,  at  a  distance 
of  20  Lis  (about  8i  miles),  and  that  this  was  not  in  operation 
in  consequence  of  the  disturbances.  This  wondrous  story,, 
and  the  circumstances  under  which  it  was  imposed  upon 
us,  convinced  us  that  it  was  an  impudent  lie,  or,  at  best,  an 
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absurd  exaggeration.  The  more  they  tried  to  dissuade  us 
from  continuing  our  trip,  the  more  we  persisted  upon  the 
realisation  of  our  plan.  Finally  the  Lintau  Chinaman 
volunteered  to  accompany  us  to  the  plantations,  but  would 
not  make  any  promise  in  regard  to  visiting  any  distillery. 
The  departure  was  fixed  for  six  o'clock  the  next  morning. 
We  were  in  a  peculiar  position,  since  our  interpreter  also 
appeared  to  antagonise  our  aims ;  nor  had  we  any  time 
to  lose  in  order  to  comply  with  all  other  arrangements  of 
our  expedition. 

"  The  next  morning,  17th  December,  we  and  our  men 
were  ready  at  six  o'clock,  but  the  two  Chinese  failed  to  appear, 
although  we  had  requested  them  several  times  to  hurry. 
We  were  waiting  with  our  attendants  in  front  of  the  temple 
when  messengers  brought  the  idle  excuse  that  the  two 
Chinese  had  not  yet  received  their  breakfast,  and  that  no 
carriers  for  our  baggage  could  be  obtained.  At  a  quarter  to 
eight  we  sent  word  that  we  would  start  without  guides,  and 
when  they  caught  up  with  us  at  ten  o'clock  we  paid  no 
attention  to  them. 

"  We  finally  succeeded  in  inducing  one  of  the  many 
onlookers  to  guide  us  to  one  of  the  distilleries.  The  march 
went  on  very  slowly,  and  the  actions  of  our  interpreter  led 
us  to  foresee  further  intrigues.  As  on  the  previous  day,  our 
route  passed  through  a  hilly  country  with  numerous  side 
valleys  and  little  ravines.  After  having  passed  a  number  of 
hills  covered  with  young  cassia  trees,  we  reached  a  distillery 
by  ten  o'clock,  but  found  out  that  it  was  not  in  operation. 
We  were  again  told  that  this  was  the  only  distillery  in  the 
neighbourhood.  But  as  luck  would  have  it,  during  our  brief 
stay  a  small  trader  appeared  upon  the  scene  and  offered  some 
thick  cassia  bark  for  sale.  By  small  purchases  and  promises 
we  succeeded  in  inducing  the  man  to  lead  us  to  another 
distillery,  and  one  in  operation. 
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"  We  returned  the  same  way  by  which  we  had  come,  and 
at  noon-time  arrived  at  a  distillery  in  full  operation.  It  was 
a  little  off  the  road,  but  was  much  nearer  to  our  starting 
point  in  the  morning  than  the  distillery  to  which  we  had 
been  led  at  first.  We  met  with  a  very  kind  reception  by  the 
owner  and  his  employees,  and  they  readily  gave  us  any  desired 
information.  We  ascertained  that  about  twenty  distilleries 
existed  in  this  immediate  neighbourhood,  and  that  most  of 
them  at  the  time  were  in  full  operation.  We  subsequently 
found  out  on  our  return  to  Canton  that  a  few  slight  dis- 
turbances had  occurred  in  the  cassia  districts,  but  the  fact 
remained  that  we  had  been  treated  to  absurd  stories  and 
gross  lies,  probably  at  the  instigation  of  some  dealers  in 
Loting-Chow. 

"  The  distillery,  like  all  others,  is  located  in  a  ravine 
abounding  in  springs  which  furnish  an  ample  supply  of  water 
for  coolers.  The  distillery  with  all  its  arrangements  closely 
resembles  the  one  which  some  time  ago  was  described  and 
illustrated  in  one  of  the  Eeports  of  Messrs.  Schimmel  &  Co. 

"  An  iron  pan  is  securely  placed  in  a  brick  hearth  with  a 
large  fire-place ;  upon  this  pan  a  large  wooden  cylinder  lined 
with  sheet  iron  is  placed,  upon  whose  upper  rim  a  large  cover 
of  strong  sheet  iron  rests.  The  space  between  the  cylinder 
and  the  cover,  around  the  rim,  is  made  tight  by  strips  of  moist 
cloth  or  rags.  Around  the  lower  side  of  the  cover  there  runs 
an  outer  groove  for  gathering  and  drawing  off  the  water  serving 
for  cooling,  and  a  narrow  interior  groove  for  collecting  the 
distillate  containing  the  essential  oil.  This  distillate  passes 
into  tin  cans  and  the  oil  collects  at  the  bottom. 

"  At  each  charge  of  the  cylinder,  about  1  picul  of  leaves 
and  twigs  and  250  catties  ( =  2£  piculs)  of  water  are  employed  ; 
the  water  used  is  mostly  from  preceding  distillates.  The 
distillation  lasts  about  two  and  a  half  hours. 

"  The  yield  of  one  such  charge,  when  consisting  of  leaves 
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only,  is  l£  to  2  taels,  and  when  consisting  of  70  per  cent,  of 
leaves  and  30  per  cent,  of  twigs,  2£  to  3  taels  of  oil.1  The 
oil  obtained  from  leaves  alone  is  in  general  the  superior 
one. 

"  With  a  still  of  this  capacity,  as  much  as  50  catties  of  oil 
are  obtained  per  month,  or  3  to  5  piculs  per  year.  The 
festivities  connected  with  the  Chinese  New  Year  cause  an 
interruption  of  the  distillation  for  one  or  even  two  months. 
The  quality  of  the  oil  depends  upon  the  material  used  for 
distillation.  Both  too  old  and  too  young  trees  furnish  leaves 
less  rich  in  oil;  large  leaves  are  better  than  small,  young 
ones ;  this  explains  the  fact  that  the  twigs  and  leaves 
gathered  in  spring  and  in  winter  yield  an  inferior  oil  to 
those  gathered  in  midsummer  and  in  autumn. 

"  The  distiller  who  furnishes  us  this  information  claims 
to  produce  but  1  grade  of  oil,  using  70  per  cent,  of  leaves 
and  30  per  cent,  of  twigs.  A  specimen,  marked  A,  was  taken 
by  us  from  the  apparatus.  The  tin  can  contained  but  a  small 
amount  of  oil  resting  under  the  water,  and  the  sample,  collected 
in  a  rather  primitive  way,  contained  some  water.  On  standing, 
some  drops  of  water  separated  at  the  top  of  the  slightly  yellow 
oil.  It  was  subsequently  examined  by  Mr.  E.  Niedhardt  in 
Hong-Kong  with  the  following  result : — 

"  Specimen  A  (1895).  A  turbid  liquid,  which  on  stand- 
ing separated  into  two  layers,  the  upper  one  water,  the  lower 
one  cassia  oil  of  a  light  Ehine  wine  colour. 

Consistency :  very  limpid. 

Odour :  the  true  oil  of  cassia,  somewhat  smoky. 
Taste  :  the  same. 
Spec.  grav.  :  1-059. 

Residue  of  distillation  :  3-75  per  cent. ;  resinous,  sticky. 
Cinnamic  aldehyde  :  86  per  cent. 
Solubility  in  alcohol  80  per  cent. :  complete. 
Solubility  in  solution  of  sodium  salicylate  :  complete. 
Reaction  with  lead  subacetate :  no  turbidity. 

1 16  Taela  =  1  Catty  =  605  Grammes ;  1  Picul  =  60  Kilos  500  Grammes. 
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"  The  result  of  this  investigation  indicates  that  a  rather 
large  proportion  of  twigs  seems  to  be  required  to  materially 
[reduce  the  quality  of  the  oil.  Perhaps  twigs  too  old  and 
too  thick  have  a  detrimental  effect  upon  the  quality  of  the 
•distillate. 

"The  oily  water,  as  collected  during  the  process  of  dis- 
tillation, is  milky.  Specimen  B  represents  this  water  as 
separated  from  the  oil  and  mixed  with  Specimen  A. 

"  Specimen  C  represents  the  ready  oil  as  our  distiller  sends 
it  to  Loting-Chow  for  sale.  The  specimen  was  taken  from 
•a  tin  can  by  ourselves. 

"  For  these  samples  we  were  charged  in  proportion  to  the 
regular  price  of  $600  per  picul. 

"  The  distillers  generally  purchase  the  leaves  and  twigs 
:and  carry  on  the  distillation  on  their  own  account ;  oc- 
casionally they  rent  their  stills  to  the  owners  of  the  raw 
material,  mostly  planters,  or  they  run  their  stills  on  the 
Jatter's  account  in  return  for  a  compensation. 

"In  Loting-Chow  we  obtained  two  more  samples  of 
(commercial  oil.  Specimen  D  was  said  to  be  a  good  oil  of 
j>rime  quality  obtained  from  old  leaves  and  commanding  a 
price  of  $600  per  picul.  It  did  not  change  when  brought 
into  contact  with  water,  but  separated  into  smaller  or  larger 
.globular  masses,  showing  a  few  oil  drops  on  the  surface.  It 
was  of  a  light  colour. 

"  Specimen  E,  said  to  be  distilled  from  young  leaves ; 
[price  $580  per  picul.  It  showed  in  water  a  more  compact 
mass  with  a  thin,  transparent  surface,  and  more  oil  drops  on 
top  of  the  water. 

"  Specimen  F  was  said  to  have  been  obtained  from  old 
•and  young  leaves  and  to  have  been  adulterated  with  kerosene, 
and  therefore  to  be  of  no  use  to  the  dealer  ;  price  $550.  When 
brought  into  water,  this  oil  formed  a  compact  mass  with  a 
thick  surfaee,  partly  of  a  whitish  and  striped  appearance. 
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Colour  rather  dark.  The  dealer  stated  that  he  had  showed 
us  this  oil  only  as  a  specimen  of  adulterated  oil,  that  he  kept 
it  only  as  a  sample  and  that  he  had  only  a  small  amount  of 
it.    Consequently  he  could  only  sell  us  such  a  small  sample. 

"  The  adulteration  is  charged  by  every  one  to  somebody 
else.  We  found  no  suspicious  material  in  the  distilleries, 
there  is  an  abundance  of  pine  leaves  growing  in  the  region, 
but  their  admixture  to  the  cassia  leaves  was  peremptorily 
denied ;  nor  did  we  find  any  such  admixture  in  tbe  contents 
of  the  still  examined  by  us.  Although  a  few  distillers  may 
be  guilty  of  dishonest  practices,  there  is  no  reason  to  assume 
that  the  majority  resort  to  deliberate  adulteration  by  the 
admixture  of  foreign  matter  to  the  cassia  leaves  -and  twigs. 
On  the  other  hand,  we  may  conclude  from  the  existence  of 
adulterated  oil  in  Loting-Chow,  and  from  our  examination 
made  there,  that  the  sophistication  ought  not  to  be  imputed 
exclusively  to  the  Chinese  of  Macao  and  Hong-Kong,  if  at 
all.  The  fact  is,  before  the  oil  is  sold  to  the  foreign  exporters, 
it  comes  from  an  extensive  district  and  passes  through  so 
many  hands  that  it  is  impossible  to  determine  where  and 
how  it  is  actually  adulterated.  In  Loting-Chow  it  was 
alleged  that  most  adulterations  are  committed  in  the  province 
of  Kwang  Si,  where  ten  or  even  more  qualities  of  cassia  oil 
can  be  had. 

"  The  question  may  here  be  raised  whether  the  present 
methods  of  examination  suffice  to  detect  the  most  artful  and 
subtle  adulterations,  as  also  whether  the  Chinese  really 
possess  the  requisite  knowledge  and' skill  for  such  refined 
forms  of  sophistication. 

"  Sample  A  bears  sufficient  evidence  that  excellent  oil 
can  be,  and  is,  produced.  This  detailed  account,  however, 
may  indicate  what  difficulties  the  foreigner  has  to  meet  with 
when  trying  to  get  at  the  bottom  of  facts. 

"Incidentally  it  may  be  added  that  the  residue  of  the 
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leaves  and  twigs,  after  having  been  dried,  is  used  as  burning 
material.  The  remaining  ashes  are  subsequently  extracted 
by  hot  water,  and  a  kind  of  potash  called  Kamalni  is  obtained 
therefrom. 

"Consul  Dr.  Knappe  has  forwarded  a  collection  of  the 
samples  A,  B,  C,  D,  E  and  F  and  an  elaborate  report  to  the 
Foreign  Office  in  Berlin.  Sample  A  is  the  only  one  which 
we  had  examined  in  Hong-Kong." 

Much  credit  is  due  to  Messrs.  Schimmel  &  Co.  for  the 
thorough  way  in  which  they  have  dealt  with  the  cassia  oil 
question,  not  only  in  connection  with  their  efforts  to  combat 
the  enormous  adulteration  practised  by  the  Orientals,  but  in 
regard  to  their  investigations  of  many  of  the  difficult  points, 
existing  in  reference  to  this  oil.  They  have  obtained  speci- 
mens of  raw  materials  of  various  parts  of  the  plant  and 
examined  the  oils  yielded  by  them.  The  results  of  their 
investigations  are  summarised  as  follows : — 

"  Cassia  Buclsticks  — Small,  thin  stalks,  about  1  mm.  thick 
and  5  mm.  long,  which  possess  a  strong  and  pure  cinnamon 
taste.  Six  hundred  and  fourteen  kilos  distilled  by  us  yielded 
10  kilos  120  gr.,  or  1-64  per  cent,  of  a  beautifully  bright  oil  with 
excellent  sweet  taste,  indicating  a  high  percentage  of  aldehyde. 

"We  determined  the  specific  gravity  to  be  1-0463,  the 
aldehydic  contents  92  per  cent. 

"  Cassia  Leaves— The  dried,  leather-like  leaves  of  the 
cassia  plant  with  the  strong  petioles  and  small  twigs.  On 
mastication  of  leaves  and  petioles  separately,  both  com- 
municated a  faint  but  pure  taste  of  cinnamon,  whilst  the 
twigs  exhibited  strong  cinnamon  taste. 

"In  order  to  obtain  exact  results  we  caused  a  certain 
quantity  of  the  material  to  be  sorted  into  leaves  and  stalks. 
One  hundred  kilos  material  yielded — 

Leaves      ....      85  kilos 
Small  twigs      .       .       .       15  ,, 
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"On  distillation  the  leaves  yielded  a  beautiful,  sweet 
tasting  oil,  with  specific  gravity  1-056  at  15°  C.  The  alde- 
hydic  contents  were  determined  as  93  per  cent. 

"The  thin  twigs  showed  a  less  percentage  of  essential 
■oil  than  the  leaves,  but  this  possessed  a  similar  sweet  taste  to 
the  oil  from  the  leaves.  The  specific  gravity  was  T045  at  15° 
C.    The  aldehyde  amounted  to  90  per  cent. 

"  The  following  parts  of  the  cassia  plant  have  been  dis- 
tilled by  us  with  the  appended  results  :— 

1.  The  Cassia  bark  (the  Cassia  lignea  of  commerce). 

Yield  of  essential  oil :  1-5  per  cent. 

Aldehyde  in  oil :  88-9  per  cent.    Specific  gravity  1-035. 

2.  The  Cassia  buds  (the  Flores  cassiae  of  commerce). 

Yield  of  essential  oil :  1-550  per  cent. 

Aldehyde  in  oil :  80-4  per  cent.    Specific  gravity  1-026. 

3.  Cassia  budsticks. 

Yield  of  essential  oil :  1-64  per  cent. 

Aldehyde  in  oil :  92  per  cent.    Specific  gravity  1-046. 

4.  Cassia  leaves,  leafstalks  and  young  twigs  mixed. 

Yield  of  essential  oil :  0-77  per  cent. 

Aldehyde  in  oil :  93  per  cent.    Specific  gravity  1-055. 

"Nos.  1  and  2  are  completely  excluded  as  raw  materials 
for  the  preparation  of  cassia  oil  on  account  of  the  price. 

"  No.  3  is  also  out  of  the  question,  because  the  value,  about 
$4  per  picul,  is  still  higher  than  that  of  broken  cassia  and 
because  the  yield  would  not  be  sufficient. 

"It  can,  therefore,  be  assumed  with  safety,  that  the  cassia 
oil  of  commerce  is  distilled  in  China  from  the  leaves,  leaf- 
stalks and  young  twigs  of  the  cassia  plant,  probably  together 
with  various  refuse  products  worthless  for  other  purposes." 

The  ordinary  commercial  oil  of  cassia,  which  is  imported 
from  Hong-Kong,  etc.,  in  cases  containing  lead  vessels,  each 
holding  about  16|  lb.,  may  be  regarded  as  distilled  chiefly 
from  the  leaves  and  twigs.  The  grosser  adulterants,  which 
are  far  less  common  to-day  than  they  were  a  few  years  ago, 
are  colophony,  petroleum  and  fatty  oils.    Low  grade  oils  are 
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found  in  commerce,  which  have  not,  so  far,  been  positively 
ascertained  to  be  adulterated.  Possibly  they  are  the  product 
of  a  variety  of  the  plant,  or  they  may  be  adulterated  with 
some  oil  we  do  not  yet  know  of.  On  the  markets  this  oil  is 
sold  entirely  on  a  guarantee  of  its  content  of  cinnamic 
aldehyde,  and  many  oils  of,  say,  70  to  75  per  cent,  are  un- 
doubtedly oils  of  higher  grade  reduced  with  resin  or  resin  oil. 

The  main  constituent  to  which  the  odour  of  this  oil,  and 
of  oil  of  cinnamon  is  chiefly  due,  is  cinnamic  aldehyde.  Small 
quantities  of  cinnamic  acid,  its  oxidation  product,  are  natur- 
ally found  in  the  oil,  the  amount  varying  according  to  its  age. 
A  terpene,  a  compound  of  cinnamic  and  acetic  acids,  and 
cinnamic  acid  esters,  also  exist  in  very  small  quantities.  A 
stearoptene  was  also  found  in  this  oil  in  1850  by  Eochleder. 
According  to  this  chemist  its  formula  is  C2SH2905.  But  a 
recent  investigation  by  Bertram  and  Kursten  shows  that  it  is 
ori/io-methyl-coumaric  aldehyde  C6H4(OCH3)(CH :  CH .  COH).. 
The  oil  when  pure  should  have  a  specific  gravity  of  from 
1-050  to  1-065.  Its  refractive  index  is  from  1-5850  to  T60.. 
Its  optical  activity  should  be  almost  nil,  never  more  than 
1°  either  way.  It  should  dissolve  completely  in  2  volumes 
of  80  per  cent,  alcohol  and  usually  in  3  to  4  volumes  of  70 
per  cent,  alcohol,  a  characteristic  which  is  interfered  with  by 
adulteration  with  colophony,  petroleum,  or  gurjun  oil.  The- 
following  rough  method  gives  an  approximate  estimate  of  the 
amount  of  adulteration,  if  this  is  colophony,  heavy  petroleum 
oil  or  a  fixed  oil.  Weigh  50  grammes  of  the  oil  into  a  small 
Wurtz  flask,  and  connect  in  the  usual  way  to  a  condenser,, 
and  gradually  heat  with  a  naked  flame.  The  oil  commences 
to  boil  at  about  210°,  and  the  bulk  distils  over  between  240° 
and  260°.  When  the  thermometer  rises  to  280°  and  white 
vapours  rise  the  distillation  is  stopped. 

On  cooling  the  flask  (whose  weight  is  known)  its  contents, 
are  weighed  ;  the  residue  should  not  exceed  10  per  cent. — it 
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is  seldom  more  than  8  per  cent.-and  should  not  solidify. 
Over  10  per  cent,  residue  indicates  adulteration,  and  if  this 
residue  solidifies  colophony  is  present.    The  most  important 
method  of  examination,  however,  is  the  determination  of  the 
percentage  of  cinnamic  aldehyde,  and  upon  this  percentage 
commercial  oils  are  always  sold  on  the  market.    In  this  pro- 
cess the  following  details  should  be  observed.    Ten  c.c.  of  the 
oil  are  run  into  a  Hirschsohn  flask  (capacity  about  100  to  150 
c.c,  with  a  neck  about  5  inches  long  and  \  inch  in  diameter, 
graduated  in  ^th  c.c).    The  flask  is  then  filled  about  three- 
quarters  full  with  a  30  per  cent,  solution  of  sodium  bisulphite, 
and  the  whole  well  shaken.    The  flask  is  then  placed  on  the 
water  bath  for  several  hours  with  occasional  shaking,  until  the 
precipitated  compound  of  the  aldehyde  and  bisulphite  is  com- 
pletely dissolved,  and  only  a  clear  oil  floats  on  the  surface. 
Bisulphite  solution  is  then  carefully  poured  in  until  the  oil  is 
driven  up  into  the  neck,  and  when  it  has  attained  the  tempera- 
ture at  which  the  oil  was  measured,  the  amount  is  read  off. 
This  gives  the  percentage  of  non-aldehydic  constituents,  the 
difference  being  returned  as  cinnamic  aldehyde.    Pure  oils 
should  not  give  much  less  than  75  per  cent,  of  aldehyde,  the 
best  oils  yielding  80  to  85  per  cent.,  or  occasionally  even 
higher.    Strictly  speaking,  these  percentages  are  by  volume, 
but  the  errors  of  reading  the  result,  and  those  due  to  solubility 
of  the  non-aldehydes  in  the  aqueous  liquid  render  any  cor- 
rection for  the  specific  gravity  of  the  constituents  unnecessary 
m  practice.    Care  must  be  taken  that  every  particle  of  the 
aldehyde  compound  is  dissolved,  as  otherwise  the  reading  of 
the  oily  layer  will  be  obscured,  and  a  serious  error  may  be 
introduced.    If  the  precipitate  does  not  dissolve  after  stand- 
ing three  hours  in  the  water  bath  with  repeated  shaking,  the 
presence  of  solid  resin  may  be  inferred,  and  the  estimation  of 
the  aldehyde  in  this  way,  with  accuracy,  is  then  impossible. 
Hirschsohn  recommends  shaking  the  oil  in  a  graduated 
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tube  with  three  times  its  volume  of  light  petroleum  ether.  A 
diminution  in  volume  of  the  oil  indicates  petroleum,  resin,  or 
fatty  oils  (except  castor  oil).  An  increase  in  volume  of  the 
oil  indicates  castor  oil.  The  petroleum  layer  is  then  shaken 
with  copper  hydroxide.  A  blue  solution  indicates  copaiba  or 
resin. 

Hanus  publishes  a  new  method  for  the  determination  of  cin- 
namic  aldehyde  in  cassia  and  cinnamon  oils  (Pharm.  Central., 
1904,  37)  depending  on  the  combination  of  the  aldehyde  with 
semioxamazide.  Ten  grammes  of  finely  powdered  hydrazine 
sulphate  are  dissolved  in  a  solution  of  9  grammes  of  caustic  soda 
in  100  c.c.  of  water,  and  the  alkaline  sulphate  produced  is 
precipitated  by  the  addition  of  100  c.c.  of  alcohol.  After 
filtration  the  solution  is  warmed,  9  grammes  of  oxamsethane 
are  added  in  small  portions,  the  whole  warmed  for  half  an 
hour  and  allowed  to  cool.  The  azide  separates  in  crystalline 
tables,  and  these  are  separated  and  recrystallised.  To  esti- 
mate the  aldehyde  by  means  of  this  reagent,  a  small  quantity, 
not  more  than  0'2  gramme,  of  the  oil  is  well  shaken  in  85  c.c. 
of  water,  and  about  0*35  gramme  of  semioxamazide  in  15  c.c  of 
hot  water  is  added  and  the  whole  well  shaken.  After  five  or 
ten  minutes  the  compound  begins  to  be  precipitated,  and  after 
standing  twenty-four  hours  can  be  collected  on  a  Gooch  filter, 
washed  with  cold  water,  and  dried  for  a  few  minutes  at  105°. 
The  amount  of  the  precipitate  is  multiplied  by  0*6083  to  obtain 
the  amount  of  aldehyde.  The  constitution  of  the  semioxa- 
mazone  of  cinnamic  aldehyde  is  NH2 .  CO  .  CO .  NH .  N  :  CH  . 
CH  :  CH  .  C(jH5. 

This  oil  is  an  article  of  great  commercial  importance,  and 
finds  a  very  extensive  employment  in  perfumery.  Its  odour 
closely  resembles  that  of  cinnamon,  but  it  lacks  the  delicacy 
of  the  latter,  to  which  it  is  often  fraudulently  added.  Pure 
cinnamic  aldehyde  or  "  synthetic  cassia  oil  "  is  now  an  article 
of  commerce.    It  is  readily  formed  by  the  action  of  sodium 
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ethylate  on  a  mixture  of  benzoic  and  acetic  aldehydes. 
Whilst  it  possesses  the  characteristic  cassia  odour  to  a  marked 
extent,  there  is  nothing  else  present  to  in  any  way  modify 
that  odour,  in  the  way  that  the  other  constituents  of  cassia 
oil  do.  It  may  be  described  as  having  a  stronger  but  cruder 
odour  than  the  natural  oil.  An  objection  to  some  of  the 
commercial  aldehyde  is  that  it  contains  traces  of  chlorine 
compounds,  introduced  during  manufacture,  which  materially 
depreciate  its  odour  value.  Chlorine  free  cinnamic  aldehyde 
can,  however,  now  be  easily  obtained.  Its  value  is  very 
similar  to  that  of  pure  cassia  oil  of  good  quality. 

Cinnamon  Oil. — The  cinnamon  oil  of  commerce  is  under- 
stood as  the  product  of  distillation  of  the  bark  of  Ginnamomum- 
zeylanicum,  the  Ceylon  cinnamon,  a  native  of  that  island. 
The  leaves  and  root  bark  also  yield  essential  oils,  the  former 
of  which  is  of  considerable  importance  commercially.  The 
cinnamon  tree  is  a  small  evergreen  tree  with  shining  leaves 
and  panicles  of  greenish  flowers,  of  somewhat  unpleasant 
odour.     It  is  extensively  cultivated  in  Ceylon,  from  which 
nearly  all  the  bark  of  commerce  is  obtained.     It  is  also 
grown  in  India,  Mauritius,  the  Seychelles  and  Jamaica,  but 
Ceylon  is  responsible  for  practically  the  whole  of  the  cinnamon 
used.    Several  varieties  are  cultivated,  but  whether  they  are 
merely  the  same  plant  slightly  modified  by  the  influence  of 
soil,  etc.,  or  not,  is  uncertain.    The  south-west  of  the  island 
in  the  Colombo,  Negumbo  and  Matura  districts  produce  the 
majority  of  the  bark,  and  the  famous  "  cinnamon  gardens  "  of 
Colombo,  which  occupy  a  considerable  space,  form  one  of  the 
great  attractions  to  the  island.    The  age  of  the  tree,  the  care 
devoted  to  its  cultivation,  and  the  time  at  which  the  bark  is 
gathered  largely  determine  the  value  of  the  product.  The 
appearance  and  size  of  the  "quills,"  together  with  their  odour 
and  flavour,  determine  their  value  on  the  market.    The  small 
fragments  or  chips  and  the  bark  of  inferior  quality  are  used 
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in  Ceylon  for  distillation,  and  also  form  the  chief  material 
from  which  the  oil  is  distilled  in  England.  The  oil  distilled 
in  Ceylon  is  usually  obtained  by  macerating  the  fragments  of 
bark  in  sea- water  or.  strong  brine  for  two  or  three  days  and 
then  subjecting  them  to  distillation.  The  yield  is  from  *5  to 
1  per  cent.  The  majority  of  that  exported,  however,  is  not 
genuine.  Either  the  leaves  are  added  to  the  bark  when  dis- 
tilled, or  cinnamon  leaf  oil  is  added  to  the  oil  after  distillation. 
The  important  difference  between  the  two  oils  is  that  the  bark 
oil  owes  its  characteristic  odour  to  the  cinnamic  aldehyde 
it  contains,  whilst  the  leaf  oil  contains  only  traces  of  that 
body;  the  chief  constituent  of  the  latter  oil  is  eugenol,  the 
characteristic  phenol  of  the  oils  of  cloves  and  pimento. 

The  more  delicate  odour  of  cinnamon  oil  causes  it  to  be 
preferred  to  cassia  oil  in  England,  whilst  the  stronger  and 
coarser  odour  of  the  latter,  together  with  its  much  lower 
price,  gains  for  it  preference  in  many  parts  of  the  continent. 
Cinnamon  oil  is  worth  eight  to  ten  times  as  much  as  cassia 
oil. 

The  pure  bark  oil  has  a  specific  gravity  of  1-020  to  1-035, 
rarely  exceeding  this,  though  Schimmel  &  Co.  state  that  they 
have  distilled  an  oil  which  had  a  specific  gravity  1-038.  Adul- 
teration with  the  leaf  oil  or  with  clove  oil  increases  this  figure.. 
The  oil  is  optically  inactive,  or  at  most  laevo-rotary  to  the 
extent  of  -  1°.  The  ascertained  constituents  are  the  terpene 
phellandrene,  cinnamic  aldehyde,  and  eugenol.  The  cinna- 
mic aldehyde  is  estimated  as  described  under  Cassia  Oil,  and 
should  never  be  less  than  60  per  cent.  The  British  Phar- 
macopeia, in  which  this  oil  is  official,  gives  the  following 
limits  :  specific  gravity,  1-025  to  1-035 ;  cinnamic  aldehyde 
at  least  50  per  cent. ;  should  not  yield  a  decided  blue  coloura- 
tion with  ferric  chloride  solution.  Adulteration  with  much 
leaf  oil  causes  the  characteristic  blue  colour  given  by  eugenol 
and  ferric  chloride  to  be  developed.    The  amount  of  eugenol 
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estimated  as  described  under  oil  of  cloves,  should  not  exceed 
8  per  cent.  Normal  oils  contain  from  70  to  77  per  cent,  of 
cinnamic  aldehyde  and  from  4  to  8  per  cent,  of  eugenol.  An 
oil  with  over  80  per  cent,  of  cinnamic  aldehyde  is  probably 
adulterated  with  the  synthetic  aldehyde. 

Schimmel  &  Co.  have  examined  this  oil  fully.  In  the 
early  fractions  obtained  by  distilling  in  vacuo,  they  found 
methyl-n-amyl -ketone  C7H140,  benzaldehyde,  and  traces  of 
furfurol.  The  terpenes  pinene  and  phellandrene  and  the 
hydrocarbon  cymene  were  also  isolated  in  small  amount. 
Nonyl  aldehyde  C9HlsO,  hydrocinnamic  aldehyde  and  cumic 
aldehyde  are  also  present,  as  well  as  small  amounts  of  linalol 
and  linalyl  isobutyrate,  and  in  the  high  boiling  fractions  the 
sesquiterpene  caryophyllene. 

When  the  addition  of  synthetic  cinnamic  aldehyde  is  sus- 
pected the  oil  should  be  examined  for  traces  of  chlorine, 
which  will  be  present  if  the  cruder  varieties  of  that  body 
have  been  used. 

Keimatsu  has  examined  a  sample  of  Japanese  cinnamon 
oil,  distilled  from  the  leaves,  trunks  and  roots  of  Ginnamomum 
Loureirii.  From  the  leaf  oil  he  isolated  citral  as  the 
principal  constituent,  with  small  quantities  of  eugenol.  From 
the  trunk  oil  he  isolated  cinnamic  aldehyde  and  a  little 
eugenol ;  and  from  the  root  oil,  cinnamic  aldehyde,  cam- 
phene,  cineol  and  linalol.  This  oil  has  been  described  as  oil 
of  Nikkei. 

Cinnamon  leaf  oil  is  also  largely  used  for  perfumery  and 
other  purposes.  The  yield  is  from  1*5  to  2  per  cent,  of  a 
slightly  optically  active  oil  of  specific  gravity  T045  to  T060. 
It  was  examined  in  1855  by  Stenhouse,  who  stated  that  it 
consisted  chiefly  of  eugenol  (eugenic  acid)  and  a  hydrocarbon, 
with  traces  of  benzoic  acid.  Weber  {Arch.  Pharm.,  ccxxx., 
232)  confirmed  these  results  in  general,  but  could  find  no 
trace  of  benzoic  acid.    A  very  small  quantity  of  cinnamic 
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aldehyde  was,  however,  found.  The  content  of  eugenol  is 
usually  from  75  to  85  per  cent. 

The  root  oil  has  been  stated  to  contain  eugenol,  safrol, 
benzaldehyde  and  benzoic  esters,  but  the  authenticity  of  the 
sample  examined  is  doubtful.  The  inhabitants  of  Ceylon 
obtain  from  the  roots  a  camphor-like  mass,  which  is  made 
into  candles  and  burnt  at  festivals.  Probably  the  chief  con- 
stituent of  true  root  oil  is  camphor. 

Sassafras  Oil. — The  ordinary  oil  of  sassafras  is  distilled 
from  the  root  of  Sassafras  officinale  {Laurus  sassafras  of 
Linnaeus),  a  native  of  North  America.  The  tree  is  one  of 
the  most  widely  distributed  in  the  continent,  being  found  in 
Canada,  in  all  the  States  east  of  the  prairies  beyond  the 
Mississippi,  and  in  Mexico.  In  Canada  it  seldom  exceeds 
30  feet  in  height,  but  in  the  south,  especially  in  Virginia 
and  the  Carolinas,  it  reaches  nearly  100  feet  in  height.  The 
root  bark  (except  the  outer  layers)  is  the  most  aromatic 
portion  of  the  plant,  and  from  this,  as  well  as  the  wood,  the 
essential  oil  is  distilled.  The  roots  may  be  dug  out  at  any 
season,  but  those  dug  when  the  sap  is  not  rising  yield  the 
highest  percentage  of  oil.  Some  of  the  large  roots  weigh 
nearly  half  a  ton,  but  the  smaller  roots  are  most  valued  on 
account  of  their  higher  yield  of  oil.  The  typical  distilleries 
in  the  neighbourhood  of  Baltimore  use  wooden  tanks  as 
stills.  These  are  made  of  kiln-dried  pine,  and  consist  of 
wooden  boxes  built  up  of  staves,  with  a  pierced  false  bottom. 
The  head  is  provided  with  a  trap-door  for  filling  by,  and  a 
large  door  is  fitted  to  the  bottom  of  the  tank,  for  the  purposes 
of  emptying.  To  the  upper  part  of  the  tank  is  fitted  a  copper 
head,  leading  to  a  condensing  coil  immersed  in  cold  water. 
Steam  at  from  40  to  (50  lb.  pressure  is  admitted  between  the 
true  and  false  bottoms.  The  stream  of  condensed  products 
issuing  from  the  pipe  is  caught  in  a  copper  funnel  with  a, 
very  long  spout  which  reaches  nearly  to  the  bottom  of  a  '20- 
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gallon  copper  vessel.  The  oil  being  heavier  than  water 
collects  at  the  bottom,  leaving  the  water  to  flow  away  at 
the  top  of  the  vessel.  A  charge  of  10  tons  requires  about 
two  days  to  exhaust,  and  yields  about  10  gallons  of  oil.  In 
parts  of  Pennsylvania  and  New  Jersey  a  number  of  small 
isolated  distillers,  often  coloured  men,  carry  on  a  remunerative 
business  in  this  oil.  A  most  primitive  still  is  used,  consisting 
merely  of  a  barrel  with  its  head  luted  on,  and  its  bottom 
pierced  and  standing  on  a  steam  generator.  A  natural  elbow- 
shaped  branch  perforated  throughout  serves  to  carry  the 
distillation  products  to  a  metal  tube  placed  in  a  trough  of 
running  water.  The  condensed  products  are  then  separated 
in  the  usual  way.  Although  the  yield  of  oil  is  much  lower 
than  when  distillation  is  effected  in  modern  apparatus,  the 
process  is  a  payable  one,  as  the  capital  necessary  for  such 
primitive  distilleries  is  very  small.  Properly  treated,  as 
much  as  8  per  cent,  of  oil  can  be  obtained  from  the  root 
bark.  Two  samples  of  oil,  one  from  the  root  bark  and  one 
from  the  wood,  were  distilled  by  Schimmel  &  Co.,  and  had  the 
following  characteristics : — 

Yield.  Specific  Gravity.  Rotation. 

Bark       .       .       7-4  per  cent.  1-075  +  3°  16' 

Wood      .  -9  1-075  — 

The  limits  allowable  are  1*065  to  P095  for  specific  gravity, 
and  +  1°  to  +  4°  for  the  optical  rotation.  It  is  soluble  in  1 
to  2  volumes  of  90  per  cent,  alcohol  and  has  a  refractive  index 
about  1-5275.  The  earliest  chemical  investigation  of  the  oil 
was  by  Grimaux  (Comptes  Rendus,  1869.  p.  928),  who  stated 
that  it  consisted  of  90  per  cent,  safrol  (q.v.)  and  10  per  cent, 
of  a  terpene  which  he  termed  safrene,  with  traces  of  a  phenol, 
which  was  afterwards  identified  as  eugenol.  A  recent 
investigation  in  Schimmel 's  laboratory  has  shown  that 
"  safrene"  is  a  mixture  of  the  terpenes  pinene  and  phel- 
landrene ;  dextro-camphor  was  also  found,  and  a  body  which 
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was  probably  cadinene.  The  average  composition  of  the  oil 
is  : — 

Safrol      ....      80  per  cent. 
Pinene 


Phellandrene  . 
Dextro-campkoT 
Eugenol  . 
Cadinene  (?) 


}10 

7 
0-5 
2-5 


This  oil  is  used  on  an  enormous  scale  for  soap  perfumery. 
Its  strong  odour  and  low  price  enable  it  to  be  used  for  the 
very  cheapest  of  soaps,  not  only  to  give  them  an  actual 
perfume,  but  also  to  cover  up  the  bad  odour  of  poor  quality 
fats.  But  its  use  has  been  very  largely  diminished  by  the 
discovery  that  its  active  constituent  exists  in  notable  quantity 
in  crude  camphor  oil.  By  means  of  fractional  distillation  and 
freezing  (safrol  melts  at  about  8°),  this  body  can  be  extracted 
in  a  state  of  almost  absolute  purity  as  a  water-white  liquid 
of  specific  gravity  over  1100.  In  this  form  it  is,  in  the 
author's  opinion,  preferable  in  every  way  for  cheap  perfumery 
to  the  natural  oil  of  sassafras,  and  its  manufacture  is  now  an 
enormous  industry.  There  are  many  samples,  however,  on 
the  market  of  so-called  "artificial  sassafras  oil"  which  are 
merely  fractionated  camphor  oil,  of  specific  gravity  about 
1"070.  It  should  be  remembered  that  these  are  often  of  low 
specific  gravity  and  contain  not  more  than  50  per  cent, 
•of  safrol,  and  are  far  less  valuable  than  the  pure  safrol.  This 
body  can,  of  course,  be  frozen  out  from  ordinary  sassafras 
oil,  but  it  is  much  cheaper  to  obtain  it  from  camphor  oil. 
Safrol,  which  is  identical  with  "  shikimol "  from  oil  olllicium 
religiosum,  also  finds  an  extensive  use  in  the  manufacture  of 
heliotropine  (piperonal),  which  is  one  of  its  oxidation  pro- 
ducts. 

Sassafras  leaves  also  yield  a  small  quantity  (*03  per  cent.) 
of  an  essential  oil,  differing  entirely  from  the  oil  from  the 
wood.    This  has  been  investigated  in  Schimmers  laboratory. 
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The  oil  obtained  from  8000  lb.  of  leaves  was  only  about  2| 
lb.,  and  was  of  a  light  yellow  colour  and  agreeable  lemon 
odour.  Its  specific  gravity  was  -872,  and  its  optical  rotation 
+  6°  25'.  The  constituents  identified  were  citral,  pinene, 
phellandrene,  a  hydrocarbon  of  the  paraffin  series,  a  hydro- 
carbon also  found  in  oil  of  bay  and  called  by  the  discoverers 
myrcene,  and  the  acetic  and  valerianic  (isovalerianic  ?)  esters 
of  linalol  and  probably  of  geraniol,  and,  possibly,  cadinene. 
No  safrol  could  be  detected. 

Camphor  Oil.— Ordinary  camphor  oil  is  a  by-product 
in  the  manufacture  of  the  ordinary  or  "Japan"  camphor. 
The  tree  yielding  this  is  perhaps  best  known  as  Camphora 
officinalis,  but  it  has  been  known  under  several  other  names, 
such  as  Cinnamomum  camphora  and  Laurus  camphora.  The 
tree  is  distributed  throughout  the  eastern  provinces  of  Central 
China,  on  the  island  of  Hainan,  and  to  a  very  great  extent 
in  Formosa.     The  Japanese  islands  Kinshu  and  Shikoku 
also  produce  it  very  abundantly.    According  to  Yoshida,  the 
older  trees  contain  more  camphor  than  the  young  ones,  and 
those  over  a  hundred  years  of  age  are  exceedingly  rich.  The 
importance  of  a  regular  supply  of  both  camphor  and  camphor 
oil  is  enormous,  and  the  utter  neglect  which  the  Chinese- 
gatherers  have  shown  to  the  cultivation  of  the  tree  is  very 
surprising.     They  have  largely  succeeded  in  exterminating 
it  along  the  seaboard  of  Formosa,  and  are  continually  making 
fresh  inroads  into  the  inland  forests,  without  any  serious 
attempt  to  replace  the  trees  destroyed.     The  crude  method 
of  preparing  camphor  from  the  trees  is  as  follows.    The  tree 
is  felled  and  the  young  branches  and  twigs  are  chopped  up 
and  packed  in  perforated  jars,  and  heated  over  a  crude  steam 
bath.     The  steam  enters  the  jars,  saturates  the  chips,  and 
causes  the  crude  camphor  to  sublime  and  condense  in  earthen- 
ware pots  placed  over  the  jars.     The  crude  camphor  is  sent 
to  the  port,  and  a  certain  amount  of  oil  exudes  from  it  which 
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is  collected  and  is  known  as  oil  of  camphor.  The  majority 
of  the  oil  is,  however,  produced  by  distilling  the  chips  with 
water  in  crude  stills.  The  crude  product  amounts  to  about 
3  per  cent,  of  the  wood  used.  The  oil  is  drained  from  the 
crystalline  camphor,  of  which  it  retains  a  considerable  amount 
in  solution.  This  is  transferred  to  a  still,  and  about  two-thirds 
is  distilled  off,  leaving  the  bulk  of  the  camphor  in  the  residue, 
which  is  cooled  and  pressed  to  separate  more  camphor.  This 
process  is  repeated  so  long  as  it  pays,  and  the  residue  forms 
the  camphor  oil  of  commerce.  From  a  scientific  point  of 
view,  one  mast  regard  the  whole  of  the  products  of  distillation 
of  the  wood  as  camphor  oil.  This,  however,  contains  so 
much  solid  camphor,  or  stearoptene,  that  it  is  commercially 
regarded  as  a  separate  product,  and  the  liquid  portion  of 
the  oil  is  thus  known  as  oil  of  camphor.  Hence  the  great 
variability  in  its  properties  and  composition. 

The  crude  camphor  arrives  in  England  in  various  states 
of  purity,  and  is  refined  by  sublimation,  generally  with  quick- 
lime and  charcoal.  For  details  of  the  process  adopted  the 
reader  is  referred  to  Pereira's  Materia  Medica,  vol.  ii.,  pt.  i., 
p.  450,  and  Sawyer's  Odorographia,  pt.  i.,  p.  339,  where 
useful  accounts  are  given.  The  camphor  tree  is  also  being 
successfully  cultivated  in  Florida  (see  Brannt,  Animal  and 
Vegetable  Fats  and  Oils,  vol.  ii.,  pp.  412,  413).  Formerly 
camphor  oil  was  regarded  as  having  no  value.  To-day, 
however,  it  is  used  to  an  enormous  extent  in  the  preparation 
of  safrol  (see  Oil  of  Sassafras).  The  earliest  scientific  in- 
vestigation of  this  oil  was  by  Beckett  and  Wright  {Journ. 
Chem.  Soc,  1876,  p.  7),  but  the  only  conclusions  they  came 
to  were  that  it  was  a  complex  mixture  probably  containing  a 
hydrocarbon  of  the  terpene  series,  a  body  having  the  com- 
position G10H18O,  a  liquid  containing  less  hydrogen  than 
camphor,  and  much  ordinary  camphor.  Oishi  (Chem.  News, 
L,  p.  275)  described  it  as  a  crude  oil,  of  specific  gravity  '959, 
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which  yielded  about  25  per  cent,  of  camphor.     The  rectified 
oil  was  a  colourless  liquid  of  specific  gravity  -895.     He  con- 
cluded that  the  oil  was  a  mixture  of  terpenes,  camphors,  and 
some  of  the  oxidised  hydrocarbons.    Yoshida  {Journ.  Ghem. 
Sop.,  1885,  p.  782)  separated  the  oil  into  four  chief  portions, 
which  appeared  to  be  (1)  a  terpene  (pinene)  boiling  at  150° ;' 
(2)  a  terpene  (limonene)  boiling  at  172° ;  (3)  camphor  ;  (4)  an 
oxygenated  body  which  he  termed  camphorogenol.    A  sample 
examined  by  Trimble  and  Schroeter  (Pharm.  Journ.,  xx.,  p. 
145)  was  separated  into  ten  fractions,  each  of  which  the 
authors  claimed  to  be  pure  compounds,  but  which  were 
clearly  mixtures  in  several  cases.    No  less  than  five  terpenes 
were  given,  and  five  oxygenated  bodies.     Schimmel  &  Co. 
have  examined  the  oil  since,  and  to  them  is  due  the  discovery 
of  the  presence  of  safrol,  which  they  now  manufacture  on  an 
enormous  scale.      They  also  showed  that  Yoshida's  cam- 
phorogenol had  no  existence.    The  result  of  their  researches 
shows  that  the  following  bodies  are  present  in  the  oil: 
Pinene,  phellandrene,  camphene,  dipentene,  cineol,  cam- 
phor, safrol,  eugenol,  borneol,  i-terpineol  and  cadinene,  with 
traces  of  carvacrol,  aldehydes  and  acids,  of  which  latter  one  of 
the  oleic  series,  with  the  formula  C9H1602)  has  been  isolated. 
Fifteen  years  ago  the  camphor  oil  of  commerce,  according 
to  Schimmel,  had  a  specific  gravity  1-100,  but  owing  to  the 
extraction  of  as  much  as  possible  before  it  is  allowed  to  leave 
Japan,  most  of  that  found  on  the  market  to-day  has  a  specific 
gravity  seldom  exceeding  0'990.    It  is  dextro-rotary. 

MacEwan  gives  -943  and  -959  as  the  specific  gravity  of 
a  Formosa  and  a  Japan  oil  respectively,  which  he  examined. 
As  by-products  in  the  manufacture,  the  separated  con- 
stituents are  sold  as  light  and  heavy  camphor  oil  according 
to  their  specific  gravity  and  boiling  point.  Samples  are  often 
found  in  London  under  the  name  of  light  camphor  oil,  with 
a  specific  gravity  as  low  as  -880  and  less,  consisting  almost 
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■entirely  of  terpenes.  The  only  use  for  the  latter  body  is  as 
:a  solvent  for  resins,  or  for  cleaning  purposes — indeed,  as  a 
partial  substitute  for  turpentine. 

The  so-called  black  camphor  oil  is  that  portion  of  the 
■oil  boiling  at  a  higher  temperature  than  does  camphor,  and 
containing  an  appreciable  amount  of  safrol.  Its  specific  gravity 
varies  between  0"950  and  1*000  as  a  rule.  The  high  boiling 
fractions  with  much  safrol  and  a  specific  gravity  about  l-060 
to  1*075  are  sold  as  "artificial  sassafras  oil".  Adulterations 
with  turpentine  are  common. 

These  details  show  that  camphor  oil  must  be  bought  for 
what  it  is  worth.  No  definite  standards  can  be  laid  down, 
and  only  a  complete  analysis  will  show  the  value  of  a  given 
sample. 

The  following  figures,  however,  will  be  of  assistance  to 
i,he  analyst.    The  oil  is  always  dextro-rotary  varying  from 

+  12°  in  high  gravity  samples  to  +  20°  to  +  32°  in  lighter  oils. 

Ligut  camphor  oil,  of  specific  gravity  0'870  to  0'910,  will 
•usually  yield  the  following  fractions  on  distillation  : — 

175°  to  180°  about  25  %  to  35  % 
1S0°  to  185°  30  %  to  45  % 

185°  to  190°  10  °/0  to  15  °/0 

Some  oil  obtained  from  German  East  Africa  was  found, 
■after  separation  of  the  bulk  of  the  camphor  by  filtration,  to 
have  a  specific  gravity  0-9236  and  optical  rotation  +  39°.  It 
contained  traces  of  a  phenol,  probably  carvacrol,  but  no 
•eugenol,  nor  more  than  traces  of  borneol,  and  no  safrol. 

Borneo  camphor,  or  borneol,  the  product  of  the  tree 
Dryobanalops  camphora,  yields  a  corresponding  oil,  of  specific 
•gravity  about  "900,  which  consists  chiefly  of  terpenes.  It  is 
•not,  however,  a  commercial  article. 

The  leaves  of  the  Japan  camphor  tree  also  yield  an  essential 
oil.  According  to  Hooper  (Pharm.  Journ.  [56],  vol.  ii.,  p.  21), 
;the  yield  is  about  1  per  cent,  of  an  oil  of  specific,  gravity  -9322 
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and  optica]  rotation  +  4°  32'.  It  contained  10  to  15  per  cent, 
of  camphor.  Another  specimen  contained  75  per  cent.,  and 
had  a  specific  gravity  '9314  and  optical  rotation  +  27°.  There 
seems  not  to  be  much  difference  between  this  and  the  ordinary 
camphor  oil .  The  roots  yield  an  oil  of  quite  similar  character. 
A  sample  distilled  by  Schimmel  &  Co.  had  a  specific  gravity 
•975,  and  consisted  chiefly  of  camphor — the  liquid  portion 
resembling  commercial  camphor  oil  very  closely. 

Culilaban  Oil  —  This  is  distilled  from  the  fruit  of  Oin- 
namomum  culilavan,  which  yields  from  3  to  4  per  cent,  of 
the  oil.  According  to  Schimmel,  the  oil  has  a  specific  gravity 
of  about  1-050.  It  is  too  dark  for  its  optical  rotation  to  be 
conveniently  determined.  The  constituents  found  in  the  oil 
are  eugenol,  methyl-eugenol  and  possibly  terpineol,  and  a 
small  quantity  of  some  constituent  or  constituents  with  a 
specific  gravity  lighter  than  that  of  water.  It  is  soluble  in 
3  volumes  of  70  per  cent,  alcohol. 

Massoi  Bark  Oil.— This  oil  is  distilled  from  the  bark  of 
Massoia  aromatica,  in  which  it  occurs  to  the  extent  of  (3  to 
8  per  cent.  Woy,  who  investigated  the  oil  (Arch.  Pharm.  [3], 
xxviii.,  p.  22),  states  that  it  contains  a  considerable  quantity 
of  eugenol,  with  some  safrol,  a  body  resembling  creosote,  and 
traces  of  free  acetic  acid.  He  also  claimed  that  it  contains  a 
terpene  not  identical  with  any  already  known  hydrocarbon. 
Wallach  has,  however,  shown  that  this  body  is  a  mixture 
of  the  terpenes  pinene  and  limonene,  with,  perhaps,  some 
dipentene.  The  oil  is  a  clear  yellow  liquid  of  clove-like 
odour  of  specific  gravity  T040  to  TOGO. 

Kuromoji  Oil. — The  leaves  and  young  twigs  of  Lindera 
sericea,  one  of  the  Japanese  Laurinece,  yield  the  oil  known 
in  commerce  under  this  name.  It  is  a  dark  yellow  oil  with 
a  strong  aromatic  and  balsamic  odour,  of  specific  gravity 
from  890  to  '915,  usually  about  '900,  and  faintly  laevo-rotar , . 
It  has  been  examined  by  Kwasnik,  who  states  that  it  contains 
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dextro-limonene,  dipentene,  inactive  terpineol  and  laevo- 
carvone.  The  oil,  on  account  of  its  comparatively  low  price, 
has  recently  come  into  some  favour  as  an  aromatic. 

Schimmel  &  Co.  have  examined  a  sample  distilled  by 
themselves  and  found  it  to  contain  9'5  per  cent,  of  esters 
calculated  as  geranyl  acetate.  Distilled  at  4  mm.  pressure,  it 
yielded  the  following  fractions  : — 


Temperature. 

Rotation. 

35°  to  40° 

-  22°  26' 

40°  to  45° 

-  15°  44' 

45°  to  50° 

-   9°  38' 

55°  to  6B° 

-  1°56' 

66°  to  70° 

+  1° 

70°  to  78° 

-   3°  56' 

78°  to  81° 

-  12°  37' 

Residues. 

-   6°  10' 

Linalol  was  detected  in  the  oil,  as  well  as  geranyl  acetate. 

Paracoto  Bark  Oil. — The  botanical  origin  of  the  tree 
which  yields  this  oil  is  not  known  with  certainty,  but  it 
appears  to  be  a  lauraceous  plant  growing  chiefly  in  Bolivia 
(or,  possibly,  one  of  the  Monimiacece).  The  yield  is  from  1 
to  2  per  cent,  of  an  agreeably  smelling  oil  of  specific  gravity 
from  "925  to  "950.  It  is  slightly  laevo-rotary,  usually  about 
-  3°.  An  elaborate  account  of  its  composition  is  given  by 
Brannt  (Animal  and  Vegetable  Fats  and  Oils,  vol.  ii.,  p_ 
420),  but  it  is  extremely  doubtful  whether  any  one  of  the 
five  constituents  there  mentioned — viz.,  a-paracotene,  /3-par- 
acotene,  a-paracotol,  /3-paracotol,  7-paracotol — have  any  ex- 
istence. The  only  well-ascertained  constituents,  according 
to  Wallach  and  Reindorff,  are  methyl-eugenol  and  the 
sesquiterpene  cadinene.  For  some  interesting  notes  on  the 
botany  of  the  tree,  see  Elborne  (Year  Book  of  Pharmacy, 
1893,  p.  237). 

Persea  Oil. — The  dried  leaves  of  Persea  gratissima  yield 
about  o  per  cent,  of  an  oil  of  specific  gravity  '9(30,  refractive 
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index  1-5160,  and  optical  activity  about  +  2°.  It  contains, 
amongst  other  ingredients,  methyl -chavicol. 

A  sample  recently  examined  by  Schimmel,  who  states 
that  it  is  known  in  the  south  of  France  as  Essence  d  'Avocatier, 
had  a  specific  gravity  0*956 ;  optical  rotation  +  2°  22' ;  re- 
fractive index  1-5139 ;  ester  value  3-8;  acetyl-ester  value 
18-9.  It  was  soluble  in  6  volumes  of  80  per  cent,  alcohol 
with  slight  cloudiness  and  separation  of  solid  hydrocarbons. 

Pichurim  Oil.— The  cotyledons  of  Nectandra  Puchury 
major  and  Nectandra  Puchury  minor,  two  species  of 
Laurinece  indigenous  to  Brazil,  yield  about  '5  to  1  per 
cent,  of  a  yellowish-green  oil.  According  to  Muller,  the 
oil  contains,  several  oxygenated  constituents  not  completely 
identified.  Esters  of  lauric  and  valerianic  acids  are  probably 
present.  It  distils  between  180°  and  270°  and  contains  a 
terpene  and  probably  a  little  safrol.  The  fraction  boiling  at 
256°  has  a  deep  blue  colour. 

Spice  Wood  Oil— The  various  parts  of  the  plant  Laurus 
benzoin  (Benzoin  odoriferum),  commonly  known  as  spice 
wood  or  wild  allspice,  yield  aromatic  volatile  oils.  The  plant 
is  a  North  American  shrub,  inhabiting  damp,  shady  woods  in 
localities  extending  from  Canada  to  Florida.  Messrs.  Schim- 
mel &  Co.  (Report,  October,  1890)  state  that  all  parts  of  the 
shrub  possess  pleasant  aromatic  odours,  which,  however,  are 
very  different  from  one  another.  They  obtained :  (1)  From 
the  bark,  *43  per  cent,  of  an  oil  smelling  like  wintergreen. 
Its  specific  gravity  was  "923,  and  its  constituents  boiled  be- 
tween 170°  and  300°;  (2)  from  the  berries,  5  per  cent,  of  an 
oil  of  a  spicy  aromatic  odour,  of  specific  gravity  '855,  with 
constituents  boiling  between  160°  and  270°;  (3)  from  the 
twigs,  *3  percent,  of  an  oil  smelling  like  camphor  and  calamus, 
specific  gravity  '925 ;  (4)  from  the  leaves,  "3  per  cent,  of  an 
oil  of  pleasant  lavender  odour,  specific  gravity  *888. 

The  oil  from  the  bark  appears  to  consist  largely  of  hydro- 
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carbons,  but  also  to  contain  about  10  per  cent,  of  methyl 
salicylate.  Morris  Jones  (Amer.  Joum.  Pharm.,  1873,  p.  300) 
states  that  it  contains  a  compound  of  the  cinnamic  series. 

Californian  Bay  Oil. — -The  tree  yielding  this  oil  is  a  large 
forest  tree,  common  on  the  mountains  of  California  and  the 
Pacific  slope,  known  as  the  mountain  laurel,  sassafras  laurel,, 
or  Californian  olive.  Botanically,  it  is  Umbellularia  Cali- 
fornica  (Oreodaphne  Californica,  Nees).  Heaney  (Amer, 
Joum.  Pharm.,  1875,  p.  105)  states  that  the  yield  of  oil  from 
the  leaves  is  4  per  cent.  He  claimed  to  have  found  about 
35  per  cent,  of  a  hydrocarbon  and  65  per  cent,  of  an 
oxygenated  body,  which  he  termed  oreodaphnol  in  the  oil. 
This  body,  however,  has  never  received  confirmation,  and  it  is 
very  doubtful  whether  the  hydrocarbon  he  obtained  was  pure. 
He  assigned  to  it  a  specific  gravity  "894  and  boiling  point 
175°.  Stillman,  on  the  other  hand,  claims  that  it  contains 
terpineol  and  an  oxygenated  body  of  the  formula  C8H120,. 
which  he  named  umbellol.  According  to  Schimmel,  the  only 
well-ascertained  constituent  is  cineol.  The  oil  is  a  straw- 
coloured  liquid  of  aromatic  taste,  having  an  optical  rotation 
about  -  22°  and  a  specific  gravity  from  '930  to  -950.  Power 
has  examined  this  oil  recently  and  has  definitely  recognised 
the  following  constituents :  (1)  Traces  of  free  fatty  acids 
including  formic  acid;  (2)  11  per  cent,  of  eugenol ;  (3)  6  per 
cent,  of  pinene ;  (4)  20  per  cent,  of  cineol ;  (5)  60  per  cent,  of  a 
new  unsaturated  cyclic  ketone  of  a  mint-like  odour  boiling  at 
220°,  of  specific  gravity  0"858  and  optical  rotation  -  37°.  Its 
formula  is  C10H14O,  and  Power  has  named  it  umbellulone  ;  (6) 
a  small  quantity  of  safrol ;  (7)  10  per  cent,  of  eugenol  methyl 
ether.  The  derivatives  and  constitution  of  umbellulone  are 
discussed  fully  in  the  Journal  of  the  Chemical  Society,  1906, 
1104.  This  oil  must  not  be  confused  with  the  ordinary  bay 
oil,  which  is  the  product  of  one  of  the  Myrtacece. 

Laurel  Oil. — The  leaves  of  the  sweet  bay,  Laurus  nobilis, 
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yield  from  1  to  3  per  cent,  of  an  essential  oil  of  specific 
gravity  "920  to  -930  and  optical  rotation  -  15°  to  -  18° ;  the 
■berries  also  yield  an  oil  closely  resembling  that  of  the  leaves, 
but  under  1  per  cent,  is  obtained.  It  is  soluble  in  3  volumes 
•of  80  per  cent,  alcohol.  Both  oils  contain  the  terpene  pinene 
and  cineol,  with  traces  of  eugenol  and  probably  methyl- 
chavicol.  Traces  of  free  acetic,  isobutyric  and  valeric  acids 
are  also  present. 

Tetranthera  Oil. — The  fruit  of  Tetranthera  citrata  yields 
.about  5  per  cent,  of  an  aromatic  oil  of  specific  gravity  usually 
about  0"890  to  0'900,  but  varying  somewhat  widely.  Its  only 
well-ascertained  constituent  is  citral  and  a  terpene. 

Gaparrapi  Oil. — This   oil  is  yielded   by  the  so-called 
""  canelo  "  tree  of  Colombia,  Nectandra  caparrapi.    It  varies 
in  colour  from  pale  yellow  to  dark  brownish  red,  and  is  known 
in  commerce  under  the  name  of  "  white  "  and  "black  ".  It 
is  a  thick  liquid  of  specific  gravity  about  '915  to  '935,  and 
rotary  power  -  3°.    On  exposure  to  prolonged  cold,  crystals 
of  an  acid  are  deposited.    The  black  oil  probably  owes  its 
colour  to  overheating.    From  a  sample  of  the  white  oil, 
Tapia  (Bull.  Soc.  Ghim.,  1898,  638)  has  extracted  an  acid 
of  the  formula  C15H2603,  which  crystallises  in  white  needles, 
melts  at  84*5°,  and  has  a  rotary  power  [a]d  =  +3°.  In 
addition  to  this  body  the  oil  contains  a  sesquiterpene  alcohol, 
C15H20O,  which  the  same  chemist  terms  caparrapiol.    It  has 
a  specific  gravity  "9146,  and  a  rotary  power  [a]d  =  -  18*6°, 
and  boils  at  260°  at  atmospheric  pressure.    By  abstracting 
water  by  means   of  dehydrating   agents,    a  sesquiterpene 
C]5H.,4  is  formed,  termed  caparrapene.     This  is  described  as 
a  colourless  liquid,  boiling  at  240°  to  250°,  and  of  specific 
gravity  -9019  and  a  rotary  power  [a]d  =  -  2'2°.  Th< 
compounds  require  further  examination  before  they  can  be 
regarded  as  new  compounds.    The  oil  is  used  for  the  same 
purposes  as  balsam  of  copaiba. 
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N.  0.  Myristice^:. 

There  is  only  one  genus  of  this  natural  order  yielding 
essential  oils  that  are  at  all  well  known.  This  is  the  genus 
Myristica,  the  fruit  of  which  consists  of  the  well-known 
nutmeg  enclosed  in  a  shell,  which  is  covered  by  an  arillus 
(according  to  Planchon,  this  latter  is  only  an  extension  of  the 
exostome,  and  therefore  a  false  arillus,  or  arillode).  The 
arillus  is  known  as  mace,  and  from  both  this  and  from  the 
nutmeg  essential  oils  are  distilled.  For  a  most  exhaustive 
and  thorough  treatment  of  the  nutmeg"  and  its  products,, 
there  is  no  work  to  equal  that  recently  published  in  Berlin 
by  Dr.  Warburg  on  The  Nutmeg  :  its  History,  Botany,  Culti- 
vation, Commerce  and  Use,  to  which  the  reader  is  referred  for 
detailed  information.  For  the  present  purpose,  the  following 
details  will  suffice  : — 

This  natural  order  is  confined  to  the  tropics,  and  Myris- 
tica fragrans  is  the  typical  plant  yielding  the  ordinary  nutmeg. 
It  is  an  inhabitant  of  the  Moluccas,  being  specially  abundant 
in  the  Banda  Isles,  three  of  which,  Lontar,  Pulo  Ai  and 
Pulo  Nera,  are  often  known  as  the  "  Nutmeg  Islands  ".  At 
one  time  the  Dutch  attempted  to  confine  the  cultivation  to 
these  islands,  and  when  supplies  were  rather  more  abundant 
than  usual  the  excess  was  said  to  have  been  burned  in  order 
to  keep  up  prices.  The  seed  was  however  conveyed  elsewhere 
by  the  "  nutmeg  bird,"  who  in  swallowing  the  fruit  digested 
the  mace,  but  voided  the  nutmeg  uninjured.  The  tree  has 
been  successfully  introduced  into  numerous  other  places,  for 
example,  Java,  Penang,  Bourbon,  Zanzibar  and  Singapore. 
A  useful  description  of  the  cultivation  of  the  tree  will  be 
found  in  the  Journal  of  the  Indian  Archipelago,  v.,  p.  78. 
Nutmegs  are  often  imported  limed,  i.e.,  treated  externally 
with  lime,  with  the  object  of  preventing  their  germination 
and  keeping  them  protected  from  insects.    Although  quite 
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unnecessary,  this  practice  is  approved  of  in  certain  markets,, 
so  much  so  that  Penang  nutmegs,  the  most  valued  in  the- 
London  market,  which  are  imported  unlimed,  are  frequently 
limed  in  London  for  re-exportation.  The  nutmegs  of  other 
species  are  often  used,  both  as  nuts,  mace  and  oil,  as  a  sub- 
stituent  or  adulteration  of  the  ordinary  product.  Amongst 
these  are  the  Malabar  nutmegs  (from  M.  Malabarica)  and 
New  Guinea  nutmegs  (from  M.  Argentea). 

Nutmeg  Oil—  Nutmegs  yield  from  8  to  15  per  cent,  of 
volatile  oil  on  distillation.    The  British  Pharmacopoeia,  in 
which  this  oil  is  official,  allows  to  it  a  specific  gravity  -870  to- 
•910,  but  in  the  author's  opinion  these  limits  should  be  rather 
wider— from  -865  to  -920.    It  also  states  that  it  should  leave 
no  crystalline  residue  on  evaporation  in  a  water  bath.  This- 
is  to  guard  against  the  presence  of  traces  of  the  fixed  or  fatty 
oil  existing  in  nutmegs,  which  is  carried  over  mechanically 
during  the  distillation.    The  presence  of  traces  of  the  fatty 
oil  is  said  to  be  objectionable  when  the  oil  is  used  for  the 
flavouring  of  sal  volatile  (aromatic  spirits  of  ammonia).  It 
may  be  detected  by  evaporating  the  oil,  and  purifying  the- 
crystals  by  washing  them  several  times  with  cold  alcohol  and 
recrystallising  from  boiling  alcohol.    The  resulting  myristic 
acid  melts  at  54°  to  55°.    The  oil  should  be  dextro-rotary  from 
+  14°  to  +  30°,  and  should  be  soluble  in  3  volumes  of  90 
per  cent.,  or  in  an  equal  volume  of  95  per  cent,  alcohol.  Its- 
refractive  index  is  about  1'4765.    The  chemistry  of  this  oil 
requires  clearing  up,  as  there  are  many  contradictory  state- 
ments in  connection  with  it.     The  earlier  researches  of 
Schacht  (1862),  Cloez  (1864),  and  Koller  (1865)  are  by  no 
means  in   agreement.     Gladstone  (1872)  claimed  to  have 
discovered  a  body  boiling  at  about  212°,  to  which  he  assigned 
the  formula  C^H^O  and  named  myristicol.    This  body,  how- 
ever, is,  as  shown  by  Power  and  Salway,  a  mixture  of  alcohols. 
Wright  (1873)  states  that  the  chief  constituents  were  two 
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terpenes  and  some  cymene,  besides  a  high  boiling  oil  of  the 
formula  C10H13O2,  and  a  non-volatile  resin  of  the  formula 
C4oH5tA.  On  the  other  hand,  Semmler  (Berichte,  1890,  p.  1803) 
has  examined  the  oil  and  states  that  he  can  find  no  cymene, 
no  myristicol,  and  no  high  boiling  constituent  of  the  character 
above  referred  to.    In  support  of  these  statements,  he  also 
adduces  the  evidence  of  several  combustions  and  a  molecular 
weight  determination.    His  results  show  that  the  carbon  and 
hydrogen  in  the  oil  amount  to  over  995  per  cent.,  and  the 
molecular  weight  determination  (vapour-density  determina- 
tion) gave  138  as  against  a  theoretical  136  for  terpenes. 
Hence  Semmler  concludes  that  the  oil  consists  almost  entirely 
of  terpenes.    It  must  be  noted,  however,  that  the  oil  upon 
which  Semmler  worked  had  a  specific  gravity  -8611  and  was 
not  prepared  by  himself.    Hence,  although  its  purity  appears 
unquestionable,  it  is  probable  that  it  had  been  rectified  and 
the  high  boiling  constituents  got  rid  of,  for  ordinary  com- 
mercial oils  always  possess  a  higher  specific  gravity  than  this. 
The  statement  occurring  in  Sawyer's  Odorographia,  that 
Semmler  discovered  myristicin  in  oil  of  nutmegs,   is  not 
correct.     Wallach  has  isolated   pmene   from  the  oil  and 
dipentene  is  present  in  traces.    The  oil  also  contains  Semm- 
ler's  myristicin  (see  Oil  of  Mace). 

Much  of  the  confusion  in  regard  to  the  chemistry  of  this 
oil  is  due  to  the  indifferent  use  of  the  terms  oil  of  nutmeg 
and  oil  of  mace.  The  most  reliable  investigation  is  that  of 
Power  and  Salway  (Jour.  Ghem.  Soc,  1907,  2037).  The  oil 
investigated  had  a  specific  gravity  0"8690,  and  a  rotation  of 
+  38°  4'.  These  chemists  have  shown  that  the  oil  contains 
the  following  constituents  : — 

Eugenol  and  isoeugenol,  about  02  per  cent. 
Dextro-pinene  and  d-camphene,  80  per  cent. 
Dipentene,  8  per  cent. 

16 
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d-Linalol  " 

d-Borneol       ,     •  „ 

.  m     .     ,  V  about  6  per  cent. 

t-Terpmeol 

Geraniol 

An  alcohol  not  yet  identified. 
Traces  of  an  aldehyde  resembling  citral. 
Safrol,  about  0-6  per  cent. 
Myristicin,  CuH1203,  about  4  per  cent. 
Traces  of  myristic  acid. 

Formic,  acetic,  butyric  and  octoic  aoid  as  esters. 
An  acid  of  the  formula  Cj.HjgO,. 

Mace  Oil. — Much  of  the  mace  oil  of  commerce  is  merely 
nutmeg  oil,  distilled  from  poor  quality  nutmegs.  The  true 
mace  oil  is  much  more  expensive,  but  scarcely  differs  from 
nutmeg  oil.  Its  specific  gravity  varies  between  -890  and  '932, 
and  its  optical  rotation  is  about  +  10°  to  +  20°.  The  yield  of 
oil  is  from  4  to  15.  Some  of  the  mace  of  commerce  has  been 
extracted  with  alcohol  before  being  imported,  hence  its  low 
yield  of  essential  oil.  With  regard  to  the  chemistry  of  this 
oil,  Wallach  identified  in  it  dextro-  and  Zaevo-pinene  and 
dipentene.  Semmler  (Berichte,  1890,  p.  1805)  confirms  the 
presence  of  about  50  per  cent,  of  terpenes.  About  15  per 
cent,  distilled  between  70°  and  114°  at  10  mm.  pressure 
and  appeared  to  contain  alcobols  of  the  formula  C10HlfiO. 
The  higher  boiling  portion  contained  a  phenol  and  a  crystal- 
line compound  forming  white  needles  melting  at  30°,  to  which 
the  investigator  assigned  the  formula  C12H1403  and  the  name 
myristicin.  This  name  is  unfortunate,  as  it  is  in  no  way 
related  to  the  glyceride  of  myristic  acid,  known  under  the 
same  name  and  occurring  in  the  fixed  oil  of  nutmeg. 
Semmler's  myristicin  is,  according  to  Thorns,  chemically 
oxymethylene-methoxy-allylbenzene,  of  the  constitution — 

O 

CEL.    Cf,Hl2(OCH3)  .  C4H7 

\/ 
O 
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thus  occupying  a  position  between  piperonic  and  apionic 
aldehydes.  It  boils  at  149-5°  and  has  a  specific  gravity  1150 
at  25°.  Other  formulae  have,  however,  been  suggested  for 
this  body. 

N.  0.  EUPHOKBIACEZE. 

Casearilla  Oil.— The  bark  of  ,Croton  elutheria,  a  native 
of  the  Bahamas,  usually  known  as  casearilla  bark,  yields  from 
1  to  3  per  cent,  of  an  aromatic  oil.  It  is  a  light  brown  liquid 
of  specific  gravity  '890  to  -930,  and  dextro-rotary  to  the  extent 
of  +  5°.  Its  refractive  index  is  about  1-4885.  Little  is 
known  of  the  chemistry  of  the  oil,  but  it  probably  contains 
at  least  one  terpene  and  one  oxygenated  body.  Its  use  is 
very  limited  in  the  preparation  of  certain  perfumes  and 
cordials.  The  bark  itself  is  very  aromatic,  and  when  burned 
gives  off  sweet-smelling  vapours,  which  accounts  for  its 
frequent  employment  in  the  manufacture  of  fumigating 
pastilles. 

Thorns  has  isolated  2  per  cent,  of  free  acid  from  the  oil, 
which  is  isomeric  with  undecylenic  acid,  C16H20O2,  and  to 
which  he  gives  the  name  cascarillic  acid.  He  also  finds 
present  a  little  palmitic  and  stearic  acids.  A  little  eugenol 
was  found  and  a  terpene  not  yet  identified.  Cymene  is 
present  and,  possibly,  laevo-limonene.  Two  sesquiterpenes 
are  present,  boiling  at  255°  to  257°  and  260°  to  265°  re- 
spectively, and  an  alcohol,  Clf)H23OH,  boiling  at  280°  to 
290°. 

N.  O.  CuPULIFERil. 

The  only  oil  of  importance  yielded  bv  this  natural  order 
is  that  from  the  bark  of  Betula  lenta,  the  sweet  birch,  but 
as  this  is  almost  identical  with,  and  usually  substituted  for, 
that  from  Gaultheria  procumbens,  one  of  the  Ericaceae,  it 
will  be  more  conveniently  described  with  the  latter  (q.v.).  ' 
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N.  0.  SantalacejE. 

Santal-wood  Oil. — The  chief  santal-wood  oil  of  commerce, 
which  is  largely  employed  in  medicine  and  perfumery,  is  the 
product  of  distillation  of  the  wood  of  Santalum  album. 
This  oil  is  known  as  East  Indian  santal-wood  oil.  Probably 
the  Macassar  oil  is  the  product  of  the  same  tree.  Santalum 
album  is  a  native  of  the  mountainous  parts  of  India,  but  is 
especially  found  in  Mysore,  Malabar  and  Coimbatore.  It 
likewise  grows  on  the  Coromandel  coast,  in  Madura  and 
Assam.  In  the  Madras  presidency  and  Mysore  it  is  now 
grown  on  Government  plantations  from  seeds  ;  experiments 
in  this  direction  have  been  carried  out  in  West  Australia 
(which  yields  another  species  of  santal),  but  hitherto  without 
success.  The  wood  is  sold  at  the  Government  auctions, 
and  the  latest  classification — for  the  various  woods  are  not 
of  equal  value — with  which  the  billets  are  marked  is  as- 
follows : — 

1.  First  Class  Billets  (or  Vilayat  Bitdli).     Consists  of  thoroughly  sound 

billets  weighing  not  less  than  20  lb.,  and  not  exceeding  112  pieces  to 
the  ton. 

2.  Second  Class  Billets  (or  China  Budh).     Consists  of  slightly  inferior 

billets  weighing  not  less  than  10  lb.,  and  not  exceeding  224  pieces  to 
the  ton. 

3.  Third  Class  Billets  (or  Panjam).    Consists  of  billets  having  small  knots, 

cracks  and  hollows,  weighing  not  less  than  5  lb.,  and  not  exceeding  448 
pieces  to  the  ton. 

4.  Chotla  (or  billets  of  short  length).     Consists  of  short  sound  pieces,  no 

limit  as  to  weight  or  number. 

5.  Chat  Badala.    Consists  of  billets  with  knots,  cracks  and  small  hollows 

at  either  end,  weighing  not  less  than  10  lb.,  and  not  exceeding  240 
pieces  to  the  ton. 

6.  Bagaradad.    Consists  of  solid  pieces,  without  limit  as  regards  dimensions, 

weight  or  number. 
N.B. — Billets  of  Classes  5  and  6  are  not  planed  nor  are  their  edges- 
rounded  off. 

7.  Bouts  (First  Class).    Consists  of  pieces  weighing  not  less  than  15  lb.,  and 

not  exceeding  150  pieces  to  the  ton. 

8.  Roots  (Second  Class).    Consists  of  pieces  weighing  not  less  than  5  lb.,  and 

not  exceeding  448  pieces  to  the  ton. 
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9.  Boots  (Third  Class).    Consists  of  small  and  side  roots  below  5  lb.  in 
weight. 

10.  Jugpokal  (First  Class)  (or  Badala).    Consists  of  hollow  pieces  weighing 

not  less  than  7  lb.,  and  not  exceeding.320  pieces  to  the  ton. 

11.  Jugpokal  (Second  Class).    Consists  of  hollow  pieces  weighing  not  less 

than  3  lb. 

12.  Ain  Bagar.    Consists  of  solid,  cracked  and  hollow  pieces,  weighing  not 

less  than  1  lb. 

13.  Gheria  (or  large  Chilta,).    Consists  of  pieces  and  chips  of  heartwood 

weighing  not  less  than  £  lb. 

14.  Ain  Chilta.    Consists  of  pieces  and  small  chips  of  heartwood. 

15.  Hatri  Chilta.    Consists  of  heartwood  chips  and  shavings  obtained  by 

planing. 

16.  Milwa  Chilta.    Consists  of  pieces  and  chips  having  in  fair  proportions 

heartwood  and  sapwood. 

17.  Basola  Bukni.    Consists  of  small  heartwood  and  sapwood  chips. 

18.  Sawdust  (or  Powder).    Obtained  in  sawing  the  santal-wood. 

The  yield  of  oil  is  very  variable,  sometimes  falling  as  low 
as  1|  per  cent.,  sometimes  rising  to  6  per  cent.  In  order  to 
extract  the  oil,  the  wood  must  be  rasped  as  fine  as  possible 
by  special  machinery  and  distilled  with  high  pressure  steam. 
The  native  distillers  use  an  open  fire,  and  naturally  obtain  a 
very  inferior  oil.  The  oil  is  largely  used  in  medicine  and 
perfumery,  and  is  official  in  the  British  Pharmacopoeia.  It 
is  a  pale  yellow,  sometimes  almost  colourless,  thick  oil  of 
characteristic  aromatic  odour,  of  specific  gravity  about  '975 
to  -982  or  rarely  up  to  "985.  The  1885  Pharmacopoeia 
gives  the  figure  as  '960,  but  the  1898  edition  has  corrected 
this  obvious  error  and  gives  "975  to  -980.  The  earlier  frac- 
tions of  the  distillation  have  a  lower  gravity  than  the  later 
ones,  so  that  unless  the  process  be  carried  to  its  extreme  limit 
the  oil  may  have  a  rather  lower  gravity  than  that  allowed 
by  the  B.  P.  This  point  is  illustrated  by  the  following  three 
fractions — the  first,  middle  and  last  two  ounces  from  a  20  lb. 
batch  of  oil,  distilled  by  the  late  Mr.  Conroy  for  the  author 


First  . 
Middle 
Last  . 


•9649 
•9758 
•9808 
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The  optical  rotation  of  the  oil  is  fairly  constant,  seldom 
varying  outside  the  limits  -  15°  to  -  20°  (the  B.  P.  gives 
-  16°  to  -  20°).    Sometimes  a  rotation  as  low  as  -  12°  is  ob- 
served, but  in  the  author's  opinion  this  is  due  to  the  use  of 
old  or  rotten  wood.    An  important  feature  in  examining 
the  oil  is  its  solubility  in  from  5  to  6  volumes  of  70  per  cent, 
alcohol.    Its  high  boiling  point  is  also  characteristic.  Under 
ordinary  pressure  it  undergoes  slight  decomposition,  but  at 
14  mm.  nothing  should  distil  over  under  150",  whilst  80 
to  90  per  cent,  of  cedar-wood  oil,  a  common  adulterant,  is 
obtained  below  this  temperature.    The  refractive  index  of 
this  oil  is  from  1-505  to  1-510.    An  important  method  of 
examining  the  oil  is  the  acetylation  process  (q.v.)  first  ap- 
plied by  the  author  to  this  oil  (Pharm.  Jour.,  lv.,  p.  118). 
Santal-wood  oil  requires  from  -7  to  1/5  per  cent,  of  potassium 
hydroxide  to  saponify  the  esters  present.  .  After  acetylation, 
however,  the  oil  requires  about  20  to  21  per  cent,  of  KOH 
,    to  saponify  it,  thus  indicating  the  presence  of  a  large  quantity 
of  alcoholic  constituents.    The  details  of  this  process,  and  the 
calculations  required,  have  been  given  on  page  116.  The 
free  alcohols  are  usually  calculated  as  santalol  C15Ho60,  and 
should  never  fall  below  90  per  cent.,  and  in  good  oils  rarely 
below  93  to  94  per  cent.    Cedar-wood  oil,  gurjun  oil,  and 
copaiba  oil  all  yield  a  very  low  acetylation  figure  (calculated 
as  santalol,  as  follows  :  cedar  oil,  8  to  12  per  cent. ;  copaiba 
oil,  5  to  8  per  cent. ;  gurjun  oil,  7  to  10  per  cent.).  Castor 
oil  is  also  sometimes  added  as  an  adulterant,  but  is  easily 
detected  on  account  of  its  lower  gravity  and  high  saponifica- 
tion number. 

The  author  has  recently  found  numerous  samples  con- 
taining terpineol  and  also  West  Indian  santal  oil.  The 
author  and  Bennett  have  examined  the  properties  of  a 
number  of  acetylated  santal  oils.  A  genuine  oil  should,  on 
acetylation,  give  figures  within  the  following  limits  : — 
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Specific  gravity  =  0-985  to  0  989 

Optical  rotation     .       .       .       ...       -  12°  to  -  15° 

Refractive  index  =  1-4890  to  1  4920 

Oil  drawn  from  Macassar  wood  has  usually  a  lower  specific 
gravity  than  that  from  Mysore  wood,  and  a  lower  optical 
rotation  and  santalol  value.  Four  samples  gave  the  follow- 
ing figures  : — 


Specific  Gravity.  Optical  Rotation.  Santalol. 

0-975                   -  15°  24'  91  °/0 

0-975                   -  10°  36'  88  °/b 

0-976                   -  15°  48'  90  °/0 

0-974                    -  16°  6'  92  °/Q 


Chapoteaut  examined  this  oil  (Bull.  Soc.  Chim.,  xxxvii.,  p. 
303)  and  stated  that  it  contained  the  aldehyde  santalal  CJ6H240 
and  the  alcohol  santalol  Ci5H260,  the  former  being  in  excess. 
But  as  the  oil  upon  which  he  worked  had  a  specific  gravity 
"945,  his  results  are  not  reliable.  The  author's  experience, 
now  amply  confirmed  by  all  observers,  is  that  the  alcoholic 
constituent  or  constituents  largely  predominate.  Chapman 
(Proc.  Chem.  Soc,  clxiv.,  p.  140)  claims  to  have  isolated 
santalal  C15H240  as  a  liquid  of  specific  gravity  '9793  and 
specific  rotation  -  14°  42',  but  no  proofs  of  its  purity  are 
adduced.  Santalol  is  now  an  article  of  commerce.  A  sample 
prepared  by  Schimmel  &  Co.,  and  examined  by  the  author, 
had  a  specific  gravity  "979  and  an  optical  rotation  -  18°.  The 
author  has  repeatedly  expressed  the  opinion  that  "santalol  " 
is  not  a  pure  compound,  but  a  mixture  of  more  than  one 
alcohol.  This  opinion  has  recently  been  confirmed  by. 
Schimmel  &  Co.,  who  give  the  following  details  of  their 
examination  of  samples  of  this  body  (Report,  April,  1899, 
p.  38). 

East  Indian  sandal-wood  oil  consists  of  90  to  98  per 
cent,  of  alcoholic  constituents,  commonly  called  santalol. 
This  is  obtained  by  saponifying  the  oil  and  by  subsequently 
rectifying  it  by  distillation  under  low  pressure  or  with  over- 
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heated  steam.  A  recent  comparative  examination  of  several 
samples  gave  the  following  results  :— 

Sample.     Specific       Saponification       Boiling  Point  11      Percentage  of 
Gravity.     Figure  (°/0  KOH).      mm  pressure        Santalol  calcu- 

1  -979   ~  .i«  100o  '      laM -f0rC^0- 

2  BJJ  13  163^  1690  ^ 

'979  'SO  168°  to  170°  99.3 

4  -979  -s<?  . 

As  is  to  be  seen  from  these  figures,  the  saponification  in 
no  case  has  been  complete.    In  order  to  prepare  pure  santalol 
we  proceeded  in  the  following  way  :  100  grammes  of  East 
Indian  sandal-wood  oil  of  specific  gravity  -977  and  saponifica- 
tion figure  -44  and  containing  941  per  cent,  of  santalol  were 
heated  to  80°  with   an    equal   weight  each  of  phthalic 
anhydride  and  benzene  upon  a  water  bath  for  one  hour; 
the  acid  esters  formed  were  combined  with  alkali  and  dis- 
solved in  an  excess  of  water.    The  aqueous  solution  was 
deprived  of  the  non-alcoholic  constituents  by  agitation  with 
ether,  repeated  three  times,  and  the  acid  esters  were  separated 
by  the  addition  of  dilute  sulphuric  acid ;  subsequently  they 
were  saponified  by  means  of  alcoholic  solution  of  potassium 
hydroxide,  and  the  santalol  set  free  was  deprived  of  adhering 
alkali  and  alcohol,  by  washing  it  with  water.    By  fraction- 
ating under  13  mm.  pressure  the  following  fractions  were 
obtained  : — 

1.  170°  to  172°  ;  sp.  gr.  -978  ;  opt.  rot.  -  15°  22' 

2.  172°  „  172°;   „    ,.  -979;    „     ,,    -  18°  0' 

3.  172°,,  172°;   „    „  .979;    „     „    _  26°  47' 

None  of  those  fractions  gave  a  saponification  figure. 
The  product  obtained  amounted  to  85  per  cent,  of  the  oil 
used.  The  odour  slightly  resembles  that  of  sandal-wood  oil. 
Although  this  product  may  be  devoid  of  esters  and  other 
"non-alcoholic"  constituents,  it  can  by  no  means  be  con- 
sidered a  definite  chemical  compound,  for  the  reason  that  its 
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•optical  rotation  reveals  too  considerable  differences  between 
the  three  fractions. 

In  order  to  settle  this  point,  the  first  fraction  was  further 
:submitted  to  fractional  distillation  and  a  substance  obtained 
which  boiled  at  165°  and  167°  under  13  mm.  pressure,  and  had 
the  specific  gravity  "970  and  optical  rotation  -  7°  20'.  Treated 
in  the  same  way,  fraction  3  rendered  a  product  having  a 
•considerably  higher  boiling  point,  namely,  173°  under  13  mm. 
pressure,  specific  gravity  '979  and  optical  rotation  -  32°  36'. 
A  substance  yielding  upon  fractionation  two  products  so 
much  differing  cannot  be  considered  an  individual  chemical 
•compound.  Santalol,  therefore,  is  a  mixture  of  two  ses- 
quiterpene alcohols  of  which  the  one  with  a  lower  boiling 
point  seems  to  be  optically  inactive  or  possibly  dextro-rotary, 
while  the  other  having  a  higher  boiling  point  is  strongly  laevo- 
rotary. 

Schimmel  prefers  to  use  the  formula  C15H2iO  for  cal- 
culations instead  of  C16H260,  which  would  be  correct  for  a 
sesquiterpene  alcohol. 

It  is  remarkable  that  the  esters  contained  in  East  Indian 
•sandal-wood  oil  have  a  lower  boiling  point  (132°  to  164° 
under  11  mm.  pressure)  than  the  sesquiterpene  alcohols. 
To  all  appearances  they  contain  other  alcoholic  constituents 
than  the  santal  alcohols. 

It  may  also  be  stated  that  santalylphthalic  acid  could  not 
be  made  to  crystallise,  even  after  it  had  been  kept  at  a  low 
temperature  for  weeks.  Santalylphthalate  of  silver  melts  at 
about  50°,  and  is  difficult  to  be  recrystallised. 

The  author  has  pointed  out  that  the  alcohols  of  santal- 
wood  oil  form  phenylurethanes.  When  the  oil  is  mixed  with 
phenyl-isocyanate  a  great  rise  in  temperature  takes  place  and 
the  mass  solidifies.  Several  compounds  can  be  separated  by 
fractional  crystallisation,  but  they  require  further  investiga- 
tion. 
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The  author  and  Bennett  have  recently  found  that  a  serie& 
of  oils  is  offered  at  low  prices,  and  although  the  better  samples, 
at  prices  very  close  to  that  of  the  pure  oil,  have  so  far  evaded 
any  attempt  to  discover  the  adulteration,  if  any,  to  them,  in, 
the  lowest  grade  we  have  little  doubt  there  is  present  the 
so-called  West  Indian  sandal  oil,  or,  probably,  a  fractionated 
oil  with  the  more  insoluble  portions  removed.  Two  oils  of 
this  type  which  were  examined  exhibit  the  characters  as- 
follows : — 


i 

2 

Specific  gravity 
Optical  rotation 

Refractive  index  ...... 

Esters  (as  santalyl  acetate)  .... 

Total  santalol . 

Solubility  in  6  vols.  70  %  alcohol  . 
Specific  gravity  of  acetylated  oil  . 
Rotation  of 
Refractive  index  of . 

0-  976 
-10° 

1-  5070 

82-2  °/D 
Soluble 

0-  983 
-8° 

1-  4952 

.  0-9755 
-  9°  30' 
1-5068 

5  % 
83  °/D 
Soluble 

0-  9846 
-8° 

1-  4963 

The  oils  were  by  distillation  separated  into  ten  fractions 
of  10  per  cent.  each.  The  characters  of  these  fractions  show 
that  one  was  dealing  with  a  body  having  the  properties  of 
sesquiterpene  derivatives,  and  the  odour  of  the  first  fractions 
suggested  West  Indian  oil : — 


Fraction 

Sp.  Gr. 

Opt.  Rot. 

Eef.  Ind. 

i 

0963 

-  7° 

1-5040 

2 

0-969 

-  6°  30' 

1-5060 

3 

0-973 

-  5°  30' 

1-5070 

4 

0-976 

-  5°  30' 

1-5080 

5 

0-977 

-  5°  40' 

1-5082 

6 

0-977 

-  7° 

1-5085 

7 

0-978 

-  8°  30' 

1-5089 

8 

0-980 

- 10°  25' 

1-5090 

9 

0-984 

-14°  45' 

1-5103 
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2 


Fraction 

Sp.  Gr. 

Opt.  Rot. 

Ref.  Ind. 

 ,  

i 

JL 

—  1° 

—  cl 

1-5036 

2 

0-967 

-'  5° 

1-5048 

3 

0-972 

-  4°  30' 

1-5062 

4 

0-975 

-  4°  30' 

1-5075 

5 

0-976 

-  5°  50' 

1-5079 

6 

0-978 

-  6° 

1-5083 

7 

0-978 

-  8° 

1-5080 

8 

0-981 

- 10°  10' 

1-5090 

9 

0-983 

-14° 

1-5095 

These  figures  should  be  compared  with  those  obtained 
with  genuine  samples  of  sandal-wood  oil.  Four  samples  of 
authentic  origin  gave  the  following  results  : — 


A 


Fraction 

Sp.  Gr. 

Opt.  Rot. 

Ref.  Ind. 

1 

0-970 

- 19°  30' 

1-5055 

2 

0-970 

- 17°  20' 

1-5060 

3 

0-972 

-16° 

1-5060 

4 

0-974 

-16° 

1-5065 

5 

0-977 

- 15°  30' 

1-5068 

6 

0-978 

-15° 

1-5068 

7 

0-980 

- 16°  40' 

1-5079 

8 

0-980 

-18° 

1-5080 

9 

0-984 

-  21° 

1-5084 

B 

Fraction 

Sp.  Gr. 

Opt.  Rot. 

Ref.  Ind. 

1 

0-975 

-19° 

1-5000 

2 

0-969 

-18° 

1-5044 

3 

0-969 

-18° 

1-5068 

4 

0-972 

-16° 

1-5070 

5 

0-97:i 

-14° 

1-5072 

6 

0-979 

- 15°  30' 

1-5080 

7 

0-982 

-16° 

1-5080 

8 

0-984 

- 17°  20' 

1-5075 

9 

0-982 

-  21°  30' 

1-5085 
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C 


Fraction 

Sp.  Gr. 

1 



2 

0-970 

3 

0-970 

0-974 

5 

0-977 

6 

0-978 

7 

0-978 

8 

0-979 

9 

0-980 

Opt.  Kot. 


-21° 
-17° 
-15° 
-15° 
-15° 
-15° 
-15° 
-17° 
-20° 


Ref.  Ind. 


1-5067 
1-5064 
1-5063 
1-5071 
1-5075 
1-5080 
1-5080 
1-5082 
1-5086 


D 


Fraction 

Sp.  Gr. 

Opt.  Rot. 

Ref.  Ind. 

1 

0-977 

-18° 

1-5078 

2 

0-964 

-17° 

1-5038 

3 

0-969 

-16° 

1-5051 

4 

0-975 

-15° 

1-5068 

5 

0-979 

-15° 

1-5072 

6 

0-980 

-14° 

1-5078 

7 

0-981 

-16° 

1-5083 

8 

0-981 

-18° 

1-5083 

9 

0-978 

-22° 

1-5086 

A  comparison  of  these  figures  will  prove  of  the  utmost 
service  to  the  analyst. 

It  is  obvious  that  a  dextro-rotary  oil  is  present  in  these 
adulterated  samples,  which  makes  the  optical  rotation  of  the 
fractions  very  much  lower  than  is  the  case  with  normal  pure 
oils.  The  divergence  between  the  fractions  in  pure  oil  is  but 
little,  and  in  no  case  was  the  optical  rotation  below  -  14°/ 

The  examination  of  the  first  three  or  four  fractions  of  10 
per  cent,  distilled  thus  shows  the  admixture  of  more  than  a 
very  small  amount  of  the  adulterant,  and  the  following 
standards  for  Oleum  Santali  in  the  next  edition  of  the 
Pharmacopoeia  are  suggested  : — 
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Specific  gravity   0-975  to  0-982 

Optical  rotation  - 16°  to  -  20° 

Refractive  index         ....    Not  below  1-5030 

Santalol  (total)  At  least  90  per  cent. 

Esters  as  santalyl  acetate  .       .       .    4  to  6-5  per  cent. 
Rotation  of  first  and  second  fractions 

of  10  per  cent.         ....    Not  below  - 16° 
It  sbould  be  soluble  in  five  volumes  of  70  per  cent. 
.  alcobol  at  20°  0. 

It  is  undoubtedly  a  fact  that  pure  oils  are  occasionally 
met  with  which  do  not  comply  with  the  requirements  above- 
set  out.  When  old  wood  is  employed  for  distillation,  the 
oil  is  sometimes  less  soluble,  and  if  the  distillation  has  been 
pushed  to  the  fullest  extent,  the  rotation  of  the  oil  may  be- 
reduced.  It  would  be  very  unwise  to  enlarge  the  official 
limits  so  as  to  include  these  oils,  as  this  would  open  a  flood- 
gate to  adulteration. 

Von  Soden  and  Muller  found  in  santal-wood  oil  a  sesqui- 
terpene of  specific  gravity  0'898  and  optical  rotation  -  21°, 
boiling  at  261°  to  262°,  and  an  acid  melting  at  154°.  Guerbet 
has  since  investigated  the  oil  and  identified  the  following 
compounds  (Gomptes  rendus,  1900,  417) : — 

1.  Two  sesquiterpenes  C15H24,  viz.,  a-santalene  (b.  p. 
253°,  sp.  gr.  0-913  at  0°,  optical  rotation  ad  =  -  13"98°)  and 
/3-santalene  (b.  p.  263°,  sp.  gr.  0'9139  at  0°,  optical  rotation 
a  =  -  28*55°) ;  the  latter  is  identical  with  the  hydrocarbon 
formerly  discovered  by  Von  Soden  and  Muller. 

2.  A  mixture  of  two  alcohols  C15H2G0,  of  different  rotatory 
power,  which  the  author  calls  a-  and  /3-santalol.  The  author 
has  previously  called  attention  to  the  fact  that  the  so-called 
santalol  is  not  a  homogeneous  body. 

3.  An  aldehyde  C15H240,  santalal,  a  body  of  which  the 
existence  in  sandal-wood  oil  had  already  been  assumed  by 
Chapoteaut.  It  boils  at  180°  under  40  mm.  pressure,  and  has 
a  strong,  pungent,  pepper-like  odour.  Its  semicarbazone 
crystallises  in  small  needles  and  melts  at  212°. 
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4.  An  acid  C15H2402,  santalic  acid,  a  thick,  colourless  liquid 
boiling  between  210°  to  212°  at  20  mm.  pressure  and  possessing 
only  very  weak  acid  properties.  Its  sodium  and  potassium 
salts  form  indistinctly  crystalline  masses,  while  the  barium  salt 
is  recovered  in  fine  needles  from  dilute  alcohol.  Santalic  acid 
is  also  formed  when  santalal  is  oxidised  with  chromic  acid 
in  acetic  acid  solution. 

5.  An  acid  C10H14O2,  teresantalic  acid,  which  crystallises  out 
from  alcohol  in  thick  prisms  and  melts  at  157°.  This  is  prob- 
ably identical  with  the  acid,  of  a  melting  point  of  about  154°, 
discovered  by  Von  Soden  and  Muller.  It  boils  at  183°  under 
28  mm.  pressure.  The  potassium  salt  forms  crystalline  masses 
with  a  lustre  like  mother-of-pearl.  The  calcium  salt  has  the 
formula  (C10H13O2)2Ca  +  2H20. 

6.  The  most  volatile  portions  of  sandal- wood  oil  contain 
minute  quantities  (0"2  to  0'3  per  mille)  of  highly  odorous 
"bodies,  as  yet  undefined.  They  are  the  chief  odoriferous  con- 
stituents of  the  oil. 

a-santalene  gives  a  nitrosochloride  melting  at  122°  and  a 
piperidide  melting  at  109°.  /3-santalene  yields  two  nitroso- 
chlorides  melting  at  152°  and  106°  respectively.  The  mixture 
of  alcohols  has  been  separated  by  Guerbet  into  

(a)  a-santalol,  boiling  at  300°  to  301°  at  760  mm.,  or  at 
162°  to  163°  at  13  mm. ;  of  specific  gravity  0"9854  at  0°  and 
optical  rotation  -  1°  20'. 

(b)  /3-santalol,  boiling  at  170°  to  171°  at  14  mm.,  or  309°  to 
310°  at  760  mm. ;  of  specific  gravity  0*9869  at  0°  and  optical 
rotation  -  56°. 

a-santalyl  acetate  boils  at  308°  to  310°.  /3-santalyl  acetate 
boils  at  316°  to  317°.  Phosphorus  pentoxide  dehydrates 
these  alcohols  with  the  formation  of  isosantalenes  :— 

a-isosantalene  boils  at  256° ;  rotation  =  +  0°  12'. 

/3-isosantalene    ,,     ,,260";       „      =+6°  6'. 

To  emphasise  the  difficulty  in  obtaining  these  isomeric 
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•alcohols  of  high  boiling  point  in  a  state  of  purity,  attention 
must  be  drawn  to  Von  Soden's  later  work,  who  gives  the 
following  figures : — ■ 

a-santalol  is  slightly  dextro-rotary  ( +  1°  40'  to  +  2°  4')  and 
boils  at  8  mm.  pressure  at  155°,  at  752  mm.  at  301°  to  302°. 
Elementary  analysis  pointed  to  the  formula  C15H240,  with 
which  the  results  obtained  in  the  saponification  of  pure 
santalyl  acetate  agree. 

a-santalylacetate  boils  at  311°  to  312°,  and  at  15°  has  a 
specific  gravity  of  0*988.    aa  =  about  +  3°. 

The  non-alcoholic  constituents  of  sandal- wood  oil  have  also 
xecently  been  examined  by  F.  Muller,  who  has  isolated  several 
new  bodies. 

Santene,  a  hydrocarbon  not  previously  known,  boils  at 
139°  to  140°,  and  has  a  specific  gravity  at  15°  of  0"8710. 
Analyses  of  this  body  and  of  its  derivatives  led  to  the  formula 
'C9H14  by  which  it  is  suggested  that  this  hydrocarbon  repre- 
sents a  lower  homologue  of  the  terpenes. 

Its  nitrosochloride  occurs  in  two  modifications.  Santene- 
■a-nitrosochloride  is  blue,  melts  at  108°,  and  even  after  a  short 
time  turns  into  the  white  ^-modification.  If  the  latter  is 
heated  to  90°,  it  becomes  intensely  blue,  changing  back  into 
the  modification  melting  at  108°. 

Santene  hydrochloride  is  formed  by  passing  dry  hydro- 
chloric acid  into  the  ethereal  solution  of  the  hydrocarbon  ;  it 
melts  at  80°,  and  does  not  keep  well  on  exposure  to  the  air. 

Santene  tribromide  is  produced  by  adding  2  molecules  of 
bromine  to  a  dry  chloroform  solution  of  santene.  Its  melting 
point  is  62°  to  63°;  it  is  suitable  for  the  identification  of  the 
hydrocarbon. 

Semmler  (Berichte,  1907,  3321)  gives  the  following  as  the 
character  of  the  sesquiterpenes  of  santal-wood  oil :  a-santalene 
boils  at  118°  to  119°  at  9  mm.,  has  a  specific  gravity  0'8984 
at  20°,  refractive  index  1-4910  and  optical  rotation  -  15°. 
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/?-santalene  boils  at  125°  to  127°,  at  9  mm.,  has  a  specific 
gravity  0"892  at  20°,  refractive  index  1-4932,  and  optical 
rotation  -  35°. 

Semmler  and  Bode  {Berichte,  1907,  1124)  have  shown 
that  santalol  is  a  primary  alcohol  (or  alcohols)  by  its  oxida- 
tion to  santal  aldehyde.  According  to  these  chemists  this 
aldehyde  boils  at  152°  to  155°  at  10  mm.,  has  a  specific 
gravity  0'995  at  20°,  refractive  index  1-51066  and  is  dextro- 
rotary.    Its  semicarbazone  melts  at  230°. 

Santalyl  chloride,  obtained  by  the  action  of  phosphorus 
pentachloride  on  the  alcohol,  has  a  specific  gravity  1-0398. 
Its  formula  is  C15H23C1  according  to  Semmler,  who  regards 
santalol  as  C15H240. 

Semmler  regards  santalol  as  a  tri-cyclic  compound,  which, 
when  heated  to  160°  with  alcoholic  potash  for  two  hours,  is 
ruptured  at  the  double  bond  in  the  side  chain  and  the  tri- 
cyclic compound  is  converted  into  a  di-cyclic  alcohol  which 
he  calls  di-cycloeksantalol.  The  formulas  for  the  two  com- 
pounds which  he  suggests  are  as  follows:— 

CH:  CH  .  CH, .  CH, .  CH2 .  OH 

Tri-cijclosantalol. 

CH :  CH  .  CH, .  CH, .  CH, .  OH 


These  abstruse  points  are  dealt  with  fully  in  the  follow- 
ing papers— Berichte,  1907,  40,  1120,  and  1907,  40,  1124. 

The  portion  of  the  first  fraction  of  santal- wood  oil  boiling 
at  80°  to  100°,  at  15  mm.  pressure,  when  treated  with  semi- 
carbazide,  gave  a  mixture  of  two  compounds  whose  melting 
points  were  175°  and  224°  respectively. 

The  semicarbazone  melting  at  175°,  when  decomposed 
with  sulphuric  acid,  produced  a  ketone  whose  odour  reminded 
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of  camphor  and  thujone,  of  the  formula  C„HlcO,  which  is 
called  "santalone".  It  boils  at  214°  to  215°  (at  15  mm. 
pressure  at  88°  to  89°) ;  its  specific  gravity  is  0-9906  at  15°, 
optical  rotation  arf=  -  62°.  It  forms  an  oxime  meltirig  at 
74-5°  to  75-5°. 

The  ketone  corresponding  to  the  semicarbazone  melting 
at  224°  has  not  yet  been  examined. 

As  regards  the  other  acids  contained  in  sandal-wood  oil, 
which  principally  occur  as  esters,  there  appears  to  be  present, 
besides  the  santalic  acid  C15H2402  of  Guerbet,  at  least  a  third 
acid,  the  nature  of  which  is  still  to  be  investigated. 

Chapman  and  Burgess  have  further  examined  santalenic 
acid,  obtained  by  oxidising  "  santalol"  with  permanganate  of 
potassium.  They  assign  to  it  the  formula  C13H20O2.  It  melts 
at  76°,  distils  at  189°  at  28  mm.,  and  has  an  optical  rotation  + 18°. 

West  Australian  santal-wood  oil  is  the  product  of  another 
species  of  santal,  being  chiefly  if  not  entirely  derived  from  the 
wood  of  Santalum  cygnorum.  Several  other  species  are  found 
m  West  Australia,  but  they  are  much  less  common  than  San- 
talum cygnorum,  which  alone  is  used  to  any  extent  for  dis- 
tilling. Although  only  a  tree  of  small  dimensions,  it  forms  an 
important  factor  in  the  timber  industry  of  Western  Australia. 
The  species,  as  the  author  has  seen  it  growing  in  the  interior 
of  this  colony,  has  a  low  depressed  habit,  and  is  usually  very 
kanchy  and  heavily  topped.  It  is  generally  from  12  to  20 
feet  high,  and  from  6  to  10  inches  in  diameter.  The  stems 
usually  weigh  from  1  to  6  cwt.  It  is  found  fairly  well  dis- 
tributed in  the  interior  of  the  colony,  except  in  the  extreme 
south-west.  It  may  be  seen  growing  fairly  freely  on  the  most 
barren  sandy  soil,  where  one  could  not  see  a  blade  of  grass 
nor  a  drop  of  water  for  miles  round.  The  greater  part  of  this 
wood  is  exported  to  Ghina,  but  one  or  two  santal  oil  distilleries 
have  been  started  in  the  colony.  The  author  has  examined 
four  samples  of  oil  distilled  from  either  Santalum  cygnorum 
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or  from  this  tree  with  other  species  mixed  (for  there  are 
several  closely  allied  species  growing  in  Western  Australia), 
for  which  he  is  indebted  to  the  kindness  of  Mr.  Samuel 
Lambert,  and  found  they  had  the  following  characteristics  : — 


There  was  found  only  about  75  per  cent,  of  alcohols  in 
these  oils,  as  against  90  per  cent,  in  the  East  Indian  oil.  The 
distillation  water  of  this  oil  contains  traces  of  methyl  alcohol, 
di acetyl  and  furfurol. 

In  South  Australia  Santalum  preissianum  is  used  for 
distillation,  but  it  yields  an  oil  quite  different  to  the  ordinary 
santal-wood  oil.  It  has  a  specific  gravity  of  about  1*02,  and 
becomes  solid  when  cooled. 

Berkenheim  has  isolated  from  this  oil  a  solid  alcoholic 
constituent  of  the  formula  C15H240,  melting  at  101°  to  102°,  and 
yielding  crystalline  esters  (Journ.  Chem.  Soc,  1893,  ii.,  666). 

The  so-called  West  Indian  santal-wood  oil  is  the  product 
of  a  Venezuelan  tree  which  has  been  identified  as  belonging 
to  the  N.  0.  Rutacese,  but  as  the  oil  is  allied  so  closely  to  the 
true  santal-wood  oils,  it  may  be  conveniently  described  here. 
Its  specific  gravity  is  lower  than  that  of  the  true  santal  oil, 
and  it  is  far  more  insoluble  in  alcohol.  It  is  dextro-mtoxj  and 
contains  much  less  alcoholic  constituents  than  does  the  oil  of 
Santalum  album.    Five  samples  gave  the  following  figures : — 


Specific  Gravity. 


KOH  for  Esters.    Iodine  Absorption. 


1 

2 
3 
4 


•9650 
•9644 
•9632 
•9643 


1-46  200-0 

1-15  204-5 

1-66  198-2 

1-35  197-6 


Specific 
Gravity. 


Solubility  in 
70  per  cent. 
Alcohol. 


Rotation. 


Alcohols  as 
Santa  hi. 


Per  cent. 


1 

2 
3 
4 
5 


•962 
•966 
•953 
■963 
•962 


Insoluble  in  80 
Insoluble  in  80 
Insoluble  in  80 


1  in  80 
1  in  55 


+  25°  30' 
+  8° 


+  30°  20' 
+  25°  75' 


42 
50-5 
30-1 
32-1 
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Mr.  E.  M.  Holmes  has  recently  examined  the  plant 
yielding  this  oil,  and  named  it  Schimmelia  oleifera  after  the 
well-known  Leipzig  firm  who  obtained  the  specimens  for 
him,  but  Urban  has  now  proved  definitely  that  the  plant 
belongs  to  the  genus  Amyris,  and  has  identified  it  as 
Amyris  balsamifera. 

African  santal-wood  oil  is  the  product  of  a  tree  of  unknown 
origin.  The  oil  has  a  specific  gravity  of  about  "965.  It  appears 
to  resemble  West  Indian  oil  somewhat,  but  requires  further 
examination.  Fiji  santal-wood  oil  is  the  product  of  the  wood 
of  Santalum  Yasi.  Umney  obtained  6£  per  cent,  of  oil  from 
this  wood,  with  a  specific  gravity,  according  to  MacEwan, 
•9768.    It  is  laevo-rotary  -  25°  50'. 

It  is  now  well  recognised  that  the  alcoholic  body  or  bodies 
of  West  Indian  santal  oil  differ  from  the  alcohols  of  the  East 
Indian  oil. 

This  alcohol  has  now  been  isolated  by  H.  von  Soden  and 
named  by  him  "arnyrol".  It  forms  an  almost  colourless, 
viscous  liquid,  which  forms  a  clear  solution  with  3  to  3J  parts 
of  70  per  cent,  alcohol.  Specific  gravity  at  15°  =  0-980  to 
0-982;  ad  =  +  27°.  Boiling  point  at  748  mm.  pressure  = 
299°  to  301°,  at  11  mm.  151°  to  152". 

Amyrol  cannot  be  esterified  with  phthalic  acid  anhydride  ; 
quantitative  acetylation  is  equally  impossible.  Amyrol  is 
probably  a  sesquiterpene  alcohol  C15H2G0.  In  addition  to  this 
body,  West  Indian  sandal-wood  oil  contains  a  sesquiterpene, 
whose  nature  has  been  investigated  by  E.  Deussen.  He 
introduced  hydrochloric  acid  gas  up  to  saturation  into  the 
oil  dissolved  in  dry  ether,  and  obtained  crystals  of  cadinene 
^hydrochloride.  The  corresponding  compounds  of  hydrogen 
bromide  and  iodide,  of  which  the  constants  are  given  below, 
were  produced  in  a  similar  manner. 
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Melting  Point. 

Per  cent. 

01. 

Br. 

I. 

Dihydrochloride  . 
Dihydrobromide  . 
Dihydroiodide 

117°  to  118° 
124°  „  125° 
105°  „  106° 

25-65 

43-64 

54-96 

-  36-65° 
-36-26° 

It  has  more  recently  been  found  that  amyrol,like  santalol, 
is  not  a  uniform  body,  but  that  by  frequently  repeated 
fractional  distillation  it  can  be  separated  into  different 
alcohols.  The  higher  boiling,  very  viscous  compound  has  a 
faint,  characteristic,  fragrant  odour ;  its  formula  is  CI5H25OH. 
Specific  gravity  about  0-987,  ad  =  about  +  36° ;  boiling  point 
299°.  The  lower  boiling  alcohol  appears  to  have  the  formula 
C15H23OH,  and  to  be  optically  inactive. 

The  liquid  obtained  in  saponifying  the  original  oil,  when 
acidified  with  sulphuric  acid,  yielded  an  oil,  partly  congealing 
in  crystalline  form,  with  an  odour  strongly  reminding' of  acetic 
acid.  This  oil  was  shaken  with  carbonate  of  sodium  solution 
to  remove  the  acid.  The  remaining  crystals,  after  re- 
crystallisation  from  methyl  alcohol,  melted  at  117°.  This 
new  body,  to  which  the  name  amyrolin  was  given,  contains 
neither  nitrogen  nor  methoxyl  groups;  its  composition  is 
C14H1203.  Amyrolin  dissolves  in  alcoholic  potash  solution 
with  a  yellowish-green  fluorescence,  absorbs  bromine,  and 
yields  with  the  latter  an  amorphous,  white  dibromide  of  the 
melting  point  157°  to  159°.  In  view  of  its  behaviour  amyrolin 
appears  to  be  a  lactone-like  body  of  the  aromatic  series. 

N.  0.  ARIST0L0CHIE2E. 

The  oils  produced  by  this  family  of  plants  are  not  of 
much  importance,  and  are  but  few  in  number  so  far  as  is  at 
present  known. 
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Asarum  Oil. — The  ordinary  European  snake-wood  oil  is 
distilled  from  the  root  of  Asarum  europaeum,  which  yields 
about  1  per  cent,  of  a  thick,  dark  brown  oil  of  sweet  aromatic 
odour.  The  specific  gravity  of  this  oil  varies  from  1-015  to 
T07.  According  to  Petersen,  when  frozen  it  deposits  crystals 
of  asarol.  It  also  contains  pinene  and  methyl-eugenol,  or 
possibly  methyl-'iso-eugenol.  The  whole  plant  has  been  sub- 
jected to  distillation  by  Zeller,  who  obtained  about  '2  per  cent, 
of  an  oil  which  is  stated  not  to  contain  asarol  at  all. 

Canadian  Snake-root  Oil  is  the  corresponding  product 
from  the  root  of  Asarum  canadense.  The  yield  is  from  3  to 
5  per  cent,  of  an  oil  of  strong  aromatic  odour,  specific  gravity 
•930  to  -960.  According  to  Power,  this  oil  contains  a  terpene, 
which  he  called  asarene,  but  which  is  now  recognised  as  pinene, 
asarol,  dextro-linalol,  laevo-borneol,  laevo-terpineol,  geraniol, 
eugenol  methyl  ether,  a  phenol  C9H1202,  a  lactone  C14H20O, 
palmitic  acid,  acetic  acids  and  some  unidentified  constituents. 

Virginian  Snake-root  Oil  is  the  product  of  distillation  of 
the  whole  herb  Aristolochia  serpentaria.  It  is  an  oil  of 
specific  gravity  about  '990,  and,  according  to  Schimmel,  con- 
tains borneol.  It  possesses  an  odour  recalling  valerian  and 
camphor.  The  root  of  Aristolochia  clematitis  also  yields  an 
oil  of  specific  gravity  about  "905,  but  its  composition  is  not 
well  known. 

(b)  Gamopetalce. 
N.  O.  Labiate. 

Few  natural  orders  yield  so  many  essential  oils  of  great 
commercial  value  as  does  this.  Amongst  the  more  important 
of  these  are  lavender,  peppermint,  rosemary,  patchouli,  penny- 
royal, spike  and  thyme  oils.  Several  of  these  are  amongst 
the  best  illustrations  of  the  great  effects  of  climate  and  soil 
on  the  essential  oils  of  the  same  plant  grown  under  different 
conditions. 
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Lavender  Oil— This  oil  is  obtained  by  distilling  the  flowers 
of  Lavandula  vera,  the  well-known  lavender,  a  native  of 
Southern  Europe.  The  plant  is  found  on  the  stony  declivities 
of  the  Provencal  Alps,  the  lower  Alps  of  Dauphine  and 
Cevennes  (and  even  so  far  north  as  latitude  46°),  in  Piedmont, 
Switzerland,  the  mountains  of  Liguria  and  Etruria,  and  various 
other  places.  Peculiarly  enough,  the  plants  come  to  their 
greatest  perfection  and  yield  a  much  finer  essential  oil  when 
transferred  from  their  native  soil,  and  carefully  cultivated  in 
certain  districts  in  England,  which  produces  the  finest 
lavender  oil  in  the  world.  The  principal  lavender  plantations 
in  England  are  in  the  neighbourhoods  of  Mitcham,  Ampthill, 
Hitchin  and  Canterbury. 

Attempts  have  been  made  to  establish  plantations  in 
Southern  Erance  from  young  plants  taken  from  parent  stems 
in  England ;  but  the  plants  quickly  reverted  to  their  original 
condition,  and  "English"  lavender  oil  can  so  far  only  be 
produced  in  England.    For  the  details  of  the  methods  of 
cultivation  adopted,  the  reader  is  referred  to  the  excellent 
monograph  in  Sawyer's  Odorographia,  vol.  i.,  p.  361.  A 
great  deal  of  the  finest  lavender  oil  is  distilled  with  water 
over  an  open  fire,  and,  so  long  as  care  is  taken  that  the 
plants  themselves  are  not  burnt,  the  fine  quality  of  the 
resulting  oil  largely  justifies  the  process.     In  England  it 
is  usual  to  allow  the  body  of  the  still  in  which  the  flowers 
are  distilled   to   be   very  shallow  as  compared  with  its 
width,  in  order  to  allow  the  oil  to  pass  over  rapidly  and' 
get  away  from  the  source  of  heat,  which  might  damage  its 
odour.    If  a  naked  fire  be  used,  it  is  customary  to  suspend 
the  charge  of  flowers  in  a  basket  of  sheet  copper,  with  per- 
forations all  over  it  to  allow  the  free  circulation  of  water. 
This  basket,  of  course,  holds  a  large  charge,  and  is  manipu- 
lated by  means  of  a  pulley  or  swing-crane.    The  basket 
should  be  about  an  inch  from  the  bottom  and  sides  of  the 
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still,  and  have  copper  legs  to  rest  upon.  Sufficient  water  is 
used  with  each  charge  to  cover  the  top  of  the  basket.  The 
finest  portion  of  the  oil  condenses  during  the  first  half -hour 
to  hour  of  the  distillation,  and  is  usually  reserved,  the  re- 
mainder being  collected  separately.  Rectification  of  lavender 
oil,  which  renders  it  colourless,  does  not  improve  it.  The 
somewhat  "herby"  odour  of  the  fresh  oil  soon  passes  off, 
and  if  the^oil  be  kept  in  cool  dark  places  it  improves  by 
maturing  for  several  years,  and  matured  oils  are  often  sold 
according  to  the  date  of  their  preparation.  After  a  certain 
time  it  is  said  to  deteriorate  unless  a  little  alcohol  is  added 
to  it. 

This  oil,  in  common  with  several  others  distilled  from 
plants  of  the  natural  order  Labiatce,  is  one  of  those  whose 
characters  are  altered  to  a  very  remarkable  degree  by  changes 
in  the  conditions  of  growth.  An  expert  now  will  usually 
distinguish  a  lavender  oil  distilled  from  plants  in  and  around 
Mitcham  from  one  distilled  in  Cambridgeshire  or  Hertford- 
shire, and  although  the  ester  value  of  all  English  oils  is  fairly 
constant,  foreign  distilled  oils  invariably  have  much  higher 
ester  values.  This  difference  in  ester  value  is  brought  about 
by  entirely  different  conditions  from  those  which  bring  about 
a  reduction  in  esters  where  the  plants  yielding  the  oil 
" s'aspiquent".  There  (see  p.  265)  it  is  a  case  of  cross 
fertilisation  of  the  two  species  of  lavender. 

The  chief  difference  between  English  and  Erench  oils  of 
lavender  lies  in  the  fact  that  the  former  only  contains  about 
7  to  10  per  cent,  of  esters  calculated  as  linalyl  acetate,  whereas 
the  latter  contains  up  to  4Q  per  cent,  and  over.  Messrs. 
Schimmel  have  actively  endeavoured  to  establish  this  ester 
content  as  the  basis  of  the  valuation  of  the  oil.  They  main- 
tain the  superiority  of  fine  French  oil  over  English  oil,  and  go 
so  far  as  to  say  that  the  latter  cannot  compete  with  the  former. 
The  author,  in  common  with  most  others,  holds  the  opposite 
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opinion,  and  considers  that  no  comparison  can  be  made 
between  the  two  oils  on  the  basis  of  their  ester  content. 
This  is  much  accentuated,  if  such  were  necessary,  by  the 
fact  that  linalyl  acetate  is  not  the  odoriferous  ingredient  of 
oil  of  lavender.  It  is  so  much  modified  by  the  presence  of 
other  bodies,  as  to  be  regarded  as  only  one  of  the  odoriferous 
compounds  in  the  oils.  Pure  linalyl  acetate  has  a  marked 
bergamot  odour,  and  may  be  regarded  as  the  characteristic 
ingredient  of  that  oil.  The  fact  that  English  oil  fetches 
a  very  much  higher  price  than  French  oil  speaks  for  itself. 
For  a  comparison  of  oils  grown  in  the  same  locality,  the 
ester  comparison  may,  however,  be  of  service.  The  oils 
produced  in  the  south  of  Europe  are  finer  according  as  the 
plants  are  growing  at  greater  elevations,  and  according  to 
Schimmel  &  Co.  the  very  finest  oils  are  produced  from  the 
higher  valleys  of  the  Savoy  Alps,  yielding  44  per  cent,  of 
ester.  The  fine  oils  yielding  38  to  40  per  cent,  of  ester  are 
usually  obtained  from  the  Alpes  Maritimes  and  the  Basses 
Alpes,  close  to  the  Italian  frontier.  Less  fine,  but  still 
excellent,  oils  with  28  to  32  per  cent,  of  ester  are  obtained 
from  the  French  departments  of  the  G-ard,  Drome  and 
Herault. 

These  statements,  however,  are  only  based  on  a  comparison 
of  the  ester  values,  and  are  in  direct  opposition  to  the  views 
and  experience  of  several  of  the  leading  distillers  of  this  oil. 
Lautier,  for  example,  says  {Etudes  sur  quelques  procedes  et 
products  de  parfumerie) :  "  No  one  can  deny  that  the  oils  from 
Drome  or  Vaucluse  are  of  far  inferior  odour  to  those  from  the 
Alps.  Yet  the  former  contain  35  to  40  per  cent,  of  esters." 
It  is  also  true  that  some  of  the  oil  distilled  on  the  Italian 
frontiers  with  25  to  30  per  cent,  of  esters  is  of  the  finest  grade, 
and  Umney,  who  in  the  main  agrees  with  Schimmel  on  this 
question,  admits  that  with  an  ester  value  of  much  over  40  per 
cent,  the  oil  may  be  rank.    The  "ester  theory"  has  induced 
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much  adulteration  into  artificial  esters,  such  as  ethyl  succinate 
and  citrate. 

A  very  important  contribution  to  the  question  of  the  ester 
theory  is  that  contained  in  a  paper  by  Birckenstock,  and  so 
that  it  may  be  judged  fairly  the  following  commentary  on  it, 
taken  from  Schimmel  &  Co.'s  Report  (October,  1906),  is  repro- 
duced verbatim : — 

"  In  a  work  on  the  influence  which  the  cross-fertilisation  of 
lavender  and  spike  has  on  the  essential  oil  of  these  plants, 
A.  Birckenstock  also  deals  with  the  ester  question.  Although 
he  places  himself  on  the  standpoint  likewise  occupied  by  us, 
that  the  ester  content  is  highly  important  for  the  valuation  of 
lavender  oil,  and  that  the  classification  of  the  various  qualities 
according  to  their  content  of  linalyl  acetate  as  a  rule  applies, 
he  has  observed  that  there  are  also  good  lavender  oils  which 
contain  only  20  to  30  per  cent,  ester.  Such  oils  are  found  in 
the  Alps  near  the  Franco-Italian  frontier,  and  the  annual 
production  (about  5000  kilos)  is  in  Birckenstock's  opinion  of 
sufficient  importance  to  take  the  particular  properties  of  these 
oils  into  account.  They  have  a  very  fine  bouquet,  but  no 
'body'.  The  content  of  linalol  amounts  to  about  50  per 
cent.,  and  is  therefore  normal,  but,  as  already  mentioned,  the 
ester  content  is  only  20  to  30  per  cent. ;  they  are  also 
characterised  by  a  low  specific  gravity  (0-878  to  0'882),  and 
by  a  considerable  laevo-rotation  (  -  8°  to  -  9°) ;  they  are,  more- 
over, very  readily  soluble  in  alcohol  (in  10  to  12  volumes  60 
per  cent,  alcohol). 

"  A  further  exception  to  the  rule,  according  to  Birckenstock, 
is  made  by  the  varieties  standing  between  lavender  and  spike. 
If,  namely,  lavender  comes  below  2300  to  2600  feet,  it  crosses 
with  spike,  '  elle  s'aspique';  the  hybrids  thus  formed  are 
known  among  distillers  by  the  names  of  '  lavandin '  or 
'spigoure,'  and  they  represent  every  possible  transition  be- 
tween lavender  and  spike,  according  to  the  conditions  due  to 
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altitude  and  state  of  the  soil.  In  this  connection  Birckenstock's 
statements  on  the  morphological  differences  between  lavender 
and  spike  are  also  interesting ;  lavender  has  a  non-ramified 
stalk,  which  is  rarely  longer  than  16  inches ;  the  blossoms 
are  blue-violet,  and  have  thin,  heart-shaped,  pointed  sepals 
which  are  shorter  than  the  bluish  calyx. 

"  The  spike  plant  is  larger  than  the  lavender.  The  stalks 
frequently  have  several  ramifications,  and  grow  to  a  height  of 
up  to  32  and  36  inches.  The  sepals  are  linear  and  of  the  same 
length  as  the  calyx,  which  in  this  case  is  not  bluish,  but 
whitish. 

"  The  influence  of  cross-fertilisation  also  shows  itself  in  the, 
properties  of  the  essential  oils,  which  behave  entirely  like  mix- 
tures of  lavender  oil  and  spike  oil.  Birckenstock  has  in  the 
course  of  his  observations  examined  a  whole  series  of  oils,  from 
typical  lavender  oil  to  typical  spike  oil.  He  then  found  at  the 
same  time  that  towards  lavender  oil  not  only  the  ester  content 
and  alcohol  content  increase,  but  that  also  a  gradual  change 
takes  place  in  the  proportion  of  borneol  to  linalool  and 
geraniol ;  whereas  in  spike  oil  borneol  predominates,  it  di- 
minishes towards  lavender  oil  more  and  more  as  compared 
with  linalool  and  geraniol.  We  give  here  still  the  properties 
of  two  characteristic  lavandin  oils  : — 

"  1.  dl5o  0-9027  ;  a~  -  0°  43' ;  ester  content,  6'23  per  cent. ; 
alcohol  content  (C10H]gO),  34*8  per  cent. ;  soluble  in  3  volumes 
65  per  cent,  alcohol. 

"  2.  d15°  0-8995  ;  ad  -  1°  35' ;  ester  content,  912  per  cent. ; 
alcohol  content,  36-5  per  cent. ;  soluble  in  3  volumes  65  per 
cent,  alcohol. 

"We  have  here  briefly  reproduced  Birckenstock's  state- 
ments, owing  to  the  special  interest  which  this  subject,  hither- 
to not  mentioned  by  us,  possesses.  Yet  lavandin  oil  does  not 
form  an  exception  to  the  ester  theory,  formulated  for  lavender 
oil,  as  it  is  no  longer  the  oil  of  the  actual  lavender  plant,  but 
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of  a  hybrid,  and  (as  Birckenstock  justly  remarks)  it  is  a  matter 
of  no  concern  to  the  trade  whether  it  is  a  question  of  a 
lavender  oil  adulterated  with  spike  oil,  or  of  an  oil  which  may 
be  pure,  but  yet  behaves  exactly  like  the  above-named 
mixture." 

Lavender  oil  is  a  pale  yellow  oil  of  specific  gravity  "885  to 
"900,  and  optical  rotation  -  3°  to  -  10°.    The  British  Phar- 
macopoeia requires  the  specific  gravity  to  be  at  least  "885, 
and  the  oil  to  be  soluble  in  3  volumes  of  70  per  cent, 
alcohol.    Umney  has  shown  that  occasionally  genuine  English 
oils  have  a  specific  gravity  slightly  below  this  figure.  The 
refractive  index  is  about  l-4620  to  1"4675.    With  regard  to 
any  further  tests  to  be  applied  to  the  oil,  the  place  of  origin 
must  be  taken  into  consideration.    An  English  oil  will  not 
give  an  ester  number  outside  the  limits  7  to  10  per  cent., 
calculated  as  linalyl  acetate,  whilst  foreign  oils  yield  about 
25  to  44  per  cent.    This  fact  is  exceedingly  important  in  dis- 
criminating between  English  and  mixed  lavender  oils.  The 
usual  adulterants  of  lavender  oil  used  to  be  spike  oil  and 
turpentine.    Neither  of  these  oils  contains  appreciable  quanti- 
ties of  ester,  so  that  the  ester  determination  affords  much 
information  here.     Spike  oil  being  usually  dextro-rotary 
causes  a  diminution  in  the  rotary  power  of  the  oil.  American 
turpentine  has  the  same  effect,  whereas  French  turpentine 
increases  the  laevo-rotation.     Mixtures  of  spike  oil  and 
French  lavender  oil  can  be  made  having  the  same  ester  con- 
tent as  English  oil,  but  the  optical  rotation  is  interfered  with 
(the  specific  gravity  is  slightly  raised  also,  but  not  necessarily 
above  the  limits  for  normal  oil).    To-day,  however,  the  most 
dangerous  adulterant  one  has  to  guard  against  is  spike  oil 
enriched  with  artificial  esters. 

The  esters  used  are,  in  general,  ethyl  succinate  or  ethyl 
citrate,  each  of  which  yields  a  saponification  value  indicating, 
a  much  greater  amount  of  linalyl  acetate.    The  specific  gravity 


» 


268 


ESSENTIAL  OILS. 


of  the  oil  is  raised  by  these  additions.  Schirnmel  gives  the 
following  method  of  detecting  ethyl  succinate.  About  2 
grammes  of  the  oil  are  saponified  and  the  insoluble  oil  washed 
away  with  ether;  the  aqueous  solution  is  neutralised  with 
hydrochloric  acid  and  diluted  to  50  c.c.  Ten  c.c.  of  cold 
saturated  solution  of  barium  chloride  are  added  and  the 
liquid  warmed  on  the  water  bath  for  two  hours  and  then 
cooled.  The  formation  of  any  crystalline  precipitate  indicates 
adulteration,  since  the  barium  salts  of  acetic  and  butyric 
acids  (which  are  present  as  natural  esters)  are  soluble. 
This  test  applies  to  most  of  these  artificial  esters,  such  as 
ethyl  oxalate,  etc. 

But  more  recently  Schirnmel  has  found  that  the  following 
method  is  more  reliable  than  the  use  of  barium  salts:  10 
grammes  of  the  oil  to  be  examined  are  saponified  on  the 
water  bath  for  one  hour  with  alcoholic  potash,  the  contents 
of  the  flask  then  placed  in  a  porcelain  dish,  and  the  bulk  of 
the  alcohol  evaporated.  After  this  the  liquid  is  washed  in  a 
separating  funnel  with  about  100  c.c.  water,  the  oily  portions 
removed  by  extraction  with  ether,  the  aqueous  solution  re- 
turned to  the  porcelain  dish,  and  the  bulk  evaporated  on  the 
water  bath.  When  the  alkaline  solution  is  cooled  down,  it  is 
acidified  with  sulphuric  acid,  and  the  organic  acids  thus  liber- 
ated absorbed  with  ether.  The  ethereal  solution  is  placed  in  a 
dish  and  the  ether  evaporated.  For  the  purpose  of  removing 
volatile  acids  (acetic  acid)  the  residue  is  still  heated  for  some 
time  on  the  water  bath,  then  cooled,  and  digested  with  ether. 
In  this  manner  a  fine  crystalline  residue  remains  behind  un- 
dissolved. On  recrystallisation  from  a  small  quantity  of 
alcohol,  white  crystals  are  obtained,  and  the  melting  point 
can  be  determined.  On  fractional  distillation  the  artificial 
esters  will  be  found  in  the  residues  left  after  distilling  off  the 
more  volatile  portion  and  will  be  found  to  have  a  very  high 
specific  gravity  and  low  refractive  index.     A  comparison 
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with  similar  fractions  of  a  normal  oil  will  at  once  reveal  the 
characteristic  differences. 

The  effects  of  some  of  the  common  adulterants  on  the 
characters  of  the  oil  are  as  follows : — 

Turpentine  oil  lowers  specific  gravity  and  solubility ; 
further,  the  rotation  is  affected,  the  laevo-rotatory  French 
turpentine  oil  (ad  -  20°  to  -  40°)  raising,  and  the  dextro- 
rotatory American  oil  (aa  up  to  +  15°)  lowering  it. 

Spike  oil  increases  the  specific  gravity  and  lowers  the 
rotation;  the  solubility  remains  the  same. 

Spanish  lavender  oil  behaves  like  spike  oil,  but  has  a  less 
marked  influence  on  the  rotation. 

Rosemary  oil  also  causes  similar  alterations  as  spike  oil, 
but  renders  the  lavender  oil  less  soluble. 

All  the  additions  mentioned  above  considerably  reduce  the 
ester  content. 

Lavender  oil  is  practically  neutral.  An  acid  value  over 
about  3  indicates  the  addition  of  acids,  such  as  benzoic 
or  salicylic  added  to  bring  up  the  apparent  ester  value. 

Semmler  and  Tiemann  (Berichte,  xxv.,  p.  1180)  showed 
that  lavender  oil  contained  traces  of  the  terpene  limonene,  a 
sesquiterpene,  and  an  alcohol  together  with  its  acetic  ester, 
which  they  called  lavendol.  Bertram  and  Walbaum  showed 
that  this  alcohol  was  in  reality  linalol.  Schimmel  &  Co. 
detected  traces  of  pinene  and  of  geraniol,  the  latter  probably 
existing  in  the  form  of  esters.  Hirschsohn  has  also  detected 
traces  of  cineol.  The  chief  differences  between  English  oil 
and  French  oil  are  the  variations  in  ester  percentage  already 
referred  to,  and  in  the  fact  that  English  oil  contains  some 
quantity  of  cineol,  whereas  French  oil  contains  it  only  in 
traces  (spike  oil  is  also  rich  in  cineol).  Duyk  states  that 
borneol  and  its  esters  occur  in  the  oil,  and  Bouchardat  has 
found  traces  of  deatfro-camphene.  Traces  of  a  stearoptene 
are  also  found.    The  esters  are  those  of  acetic,  butyric  and 
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valerianic  acid,  and  traces  of  coumaric  are  also  present.  A 
recent  investigation  by  Schimmel  has  added  considerably  to 
our  knowledge  of  this  oil.  Traces  of  valeric  aldehyde  and  of 
iso-amyl  alcohol  were  detected,  and  the  presence  of  dextro- 
borneol  confirmed.  Esters  of  geraniol  are  present  in  small 
quantities,  principally  as  acetate  and  caproate.  Traces  of 
furfurol  were  also  found.  A  small  quantity  of  ethyl  amyl 
ketone,  CsH160,  was  also  isolated.  As  a  favourite  perfume 
lavender  oil  is  second  to  very  few,  enormous  quantities  of  the 
oil  being  consumed  in  the  popular  form  of  lavender  water, 
and  it  is  in  such  diluted  forms  that  the  delicacy  of  the  odour 
of  the  finer  oils  is  so  pronounced. 

Several  other  species  of  lavender  yield  oils  that  have 
been  superficially  examined  (in  addition  to  spike  oil — which 
is  the  product  of  Lavandula  spica).  The  oil  from  Lavandula 
pedunculata  has  a  specific  gravity  '939  and  optical  rotation 
-  45°.  It  contains  nearly  40  per  cent,  of  esters,  in  addition  to 
cineol  and  possibly  thujone.  The  oil  of  Lavandula  Stcechas 
(the  "  holy  rosemary  "  of  the  Spaniards)  resembles  rosemary 
rather  than  lavender  in  its  odour.  Its  specific  gravity  is 
about  -940.  The  oil  of  Lavandula  dentata,  of  specific 
gravity  '926,  also  resembles  rosemary,  with  a  marked  carn- 
phoraceous  odour.  Charabot  (Bull.  Soc.  Chim.,  xvii.,  p.  378) 
records  the  examination  of  a  sample  of  Spanish  lavender 
oil,  but  does  not  state  its  source.  He  found  it  in  much 
free  linalol,  but  only  3  per  cent,  of  esters.  Borneol  was  also 
present. 

Spike  Oil. — Spike  oil,  or  spike  lavender  oil,  is  distilled 
from  the  flowering  herb  Lavandula  spica,  which  grows  in 
the  same  localities  as  Lavandula  vera.  The  yield  is  from 
"5  to  1  per  cent,  of  an  oil  of  much  less  agreeable  odour  than 
that  of  the  true  lavender,  combining  that  of  the  latter  plant 
with  that  of  rosemary. 

Pure  spike  oil  is  pale  yellow  to  nearly  colourless  and 
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possesses  a  specific  gravity  varying  from  "905  to  "920.  It  is 
usually  dextro-rotary  from  +  1°  to  +  4°  and  occasionally  up 
to  +  7°.  Its  refractive  index  is  about  1*4660.  It  should  dis- 
solve in  three  times  its  volume  of  70  per  cent,  alcohol,  an  im- 
portant test,  as  very  small  quantities  of  the  favourite  adulter- 
ant, turpentine,  interfere  with  its  solubility.  Most  samples 
are  soluble  in  3  volumes  of  65  per  cent,  alcohol  also,  and  those 
not  answering  this  test  should  be  very  carefully  examined. 
As  spike  oil  contains  a  large  proportion  of  free  alcohols,  it  is 
important  to  estimate  these.  Calculated  as  linalol  C10H18O, 
a  pure  spike  oil  should  yield  from  30  to  40  per  cent,  of 
alcohols  when  estimated  by  the  acetylation  process.  Some 
Spanish  oils,  probably  distilled  from  a  mixture  of  Lavandula 
species,  contain  only  from  20  to  25  per  cent.  Strictly  speaking, 
these  are  not  normal  spike  oils.  Messrs.  Schimmel  &  Co. 
propose  distilling  the  first  10  per  cent,  from  the  oil  and  ex- 
amining its  rotary  power.  Four  authentic  samples  gave  the 
following  results : — 

Sp.  Gravity.       Rotation  of  Oil.       Rotation  of  first  10  per  cent. 


Adulteration  with  French  turpentine  oil  to  any  extent 
would  cause  this  fraction  to  be  laevo-rotary.  In  order  to 
ensure  uniform  results  a  Ladenburg  flask  is  employed,  as 
illustrated.  The  lower  bulb  should  hold  about  125  c.c,  and 
5  c.c.  should  be  distilled  from  50  c.c.  of  the  oil. 

In  addition  to  the  specific  gravity,  rotation,  rotation  of 
the  first  10  per  cent,  distilled,  and  estimation  of  free  alcohols, 
the  saponification  test  should  also  be  applied.  Pure  spike 
oil  requires  practically  no  potash  for  saponification,  as  it  is 
nearly  free  from  esters,  in  contradistinction  to  true  lavender 
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The  author  and  Bennett  have  shown  that  (as  is  sometimes 
the  case  with  Spanish  oils)  pure  spike  oil  may  be  slightly 
laevo-rotary  up  to  -  3°,  and  also  yield  a  laevo-rotary  fraction 
on  distillation  as  above.  The  following  classification  of  spike 
oils  grown  in  different  districts  by  Birckenstock  (see  under 
Lavender  Oil)  confirms  this  statement.  So  that  the  state- 
ment that  pure  oils  are  always  dextro-rotary  is  incorrect. 
Birckenstock  distinguishes  the  following  groups  :  Ardeche, 


Fig.  16. 


Herault,  Drome,  Gard,  Basses-Alpes,  Alpes-Maritimes  and 
Var.  Whilst  according  to  the  author,  the  first-named  group 
represents  the  spike  type  proper,  and  yields  oils  of  the  follow- 
ing properties :  dlb°  0-918  to  0921 ;  ad  +  7°  48'  to  9°  36' ;  ad 
of  the  first  10  per  cent,  of  the  distillate  +  8?  to  +  10°;  ester 
content,  4  to  5  per  cent. ;  alcohol  content,  21  per  cent. ;  soluble 
in  3  volumes  67  per  cent,  alcohol, — the  "Var  "  group  somewhat 
approaches  the  lavender  type :  dlb°  0*9035  to  0-905  ;  ad  -  1°  10' 
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to  +  0°;  ad  of  the  first  10  per  cent,  of  the  distillate  +  2°; 
ester  content,  2  to  3  per  cent. ;  alcohol  content,  20  to  32  per 
cent. ;  soluble  in  5  to  6  volumes  60  per  cent,  alcohol.  The 
other  groups  represent  intermediate  stages.  Specific  gravity 
and  rotation  therefore  become  less,  whilst  alcohol  content  and 
solubility  increase ;  inasmuch  as  the  borneol  greatly  pre- 
ponderating in  the  "Ardeche"  type  is  gradually  substituted 
towards  the  "Var"  type  by  linalool  and  geraniol.  The 
laevo-rotation  of  the  last-mentioned  oil  is  also  remarkable,  but 
Birckenstock  considers  that  up  to  -  1°  10'  this  is  still  normal, 
provided  that  the  first  10  per  cent,  of  the  distillate  rotate  to 
the  right. 

Our  knowledge  of  the  chemistry  of  this  oil  is  chiefly  due 
to  Bouchardat,  who  in  1888  showed  that  it  contained  pinene 
and  cineol  (eucalyptol).  Later,  he  proved  the  presence  of 
camphor,  linalol,  borneol  and  camphene.  Terpineol  and 
geraniol  are  also  present  in  small  quantities.  Probably  a 
sesquiterpene  also  exists  in  this  oil,  but  its  presence  has  not 
yet  been  definitely  proved.  The  similarity  of  the  odour  of 
this  oil  to  true  lavender  and  rosemary  is  easily  explained 
when  one  considers  that  the  chief  ingredients  of  the  oil  are 
cineol,  borneol,  linalol  and  camphor.  Linalol  is  an  im- 
portant ingredient  of  lavender  oil,  whereas  cineol,  borneol 
and  camphor  oil  are  all  present  in  rosemary  oil. 

Spike  oil  is  largely  adulterated  with  turpentine,  and  prob- 
ably, according  to  Umney,  with  the  commoner  varieties  of 
rosemary  oil.  The  former  is  detected  by  the  alteration  in 
specific  gravity  and  solubility,  whilst  the  latter  interferes 
with  the  solubility  and  the  percentage  of  free  alcohols 
present.  Spike  oil  is  largely  used  in  cheap  perfumery  and  in 
the  manufacture  of  certain  kinds  of  lacquer  for  fine  china 
manufacture.  It  is  also  largely  employed  as  an  adulterant 
of  ordinary  oil  of  lavender. 

Oil  of  Rosemary. — This  oil  is  distilled  from  the  flowering 
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tops  of  the  plant  Rosmarinus  officinalis,  a  native  of  the 
south  of  Europe.  The  rosemary  is  a  plant  largely  influenced, 
as  are  most  of  the  plants  of  this  natural  order,  by  variations 
in  soil  and  climate,  and  the  marked  differences  in  English 
and  foreign  oils  is  more  than  can  be  explained  by  care  in  the 
method  of  production.  The  plant  is  grown  in  a  few  places  ' 
in  England,  but  the  greater  part  of  the  commercial  oil  is 
produced  in  the  south  of  Europe.  Several  countries  on  the 
Mediterranean  littoral  produce  small  quantities,  but  after  the 
south  of  France  the  chief  source  of  the  oil  is  the  Dalmatian 
islands.  Spain  now  produces  a  quantity  of  this  oil.  The 
Dalmatian  produce  is  chiefly  brought  into  commerce  via 
Trieste,  and  this  is  the  oil  usually  known  in  trade  as  Italian 
rosemary  oil.  The  English  oil  is  by  far  the  most  valued,  and 
commands  an  infinitely  higher  price  than  the  foreign  oil. 
The  Italian  (Dalmatian)  oil  is  the  least  valuable.  In  England 
and  the  south  of  France,  rosemary  is  distilled  as  quickly  as 
possible  after  it  is  cut,  and  in  the  same  manner  as  lavender- 
flowers.  Care  is  taken  to  exclude  the  woody  parts  of  the  plant, 
as  not  only  do  these  take  up  unnecessary  room  in  the  stills, 
but  also  yield  a  less  valuable  oil.  The  best  oil  is  that  which 
distils  over  during  the  first  hour  of  the  process.  The  finest 
French  oil  comes  from  the  departments  Gard  and  Herault,  and 
the  neighbourhood.  The  supply  of  oil  from  the  Dalmatian 
islands  is  somewhat  irregular,  and,  according  to  Schimmel  & 
Co.,  the  reason  of  this  is  that  the  rosemary  woods,  as  they  are 
called,  are  municipal  property,  and  are  leased  to  the  peasants 
and  distillers,  but  with  an  effective  control  as  to  harvesting. 
This  follows  a  regular  rotation,  the  general  crop  being  gathered 
in  one  year  and  very  sparing  crops  for  the  next  two  years. 
The  richest  plants  grow  on  the  island  of  Solta,  but  the 
successful  cultivation  of  vineyards  has  nearly  replaced  the 
rosemary  industry.  A  little  is  cultivated  on  the  island  of 
Lissa,  but  the  majority  comes  from  Lesina.    The  total  pro- 
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duotion  of  these  islands  varies  from  15,000  to  50,000  lb. 
per  annum.    The  plants  are  usually  sun-dried  before  distilla- 
tion, and  the  process  is  carried  out  in  very  primitive  apparatus, 
which  facts  possibly  account  largely  for  the  inferior  quality 
of  the  oil.    The  adulteration  practised  on  this  oil  appears  to 
commence  at  Trieste,  and  not  on  the  islands.    The  usual 
adulterants  are  turpentine  and  petroleum  oils,  although  the 
finer  qualities  are  at  times  adulterated  with  spike  oil.  The 
chief  employment  of  this  oil  is  in  perfumery,  the  well-known 
Eau  de  Cologne  containing  oil  of  rosemary.    It  has  also  a 
limited  use  in  pharmacy,  being  used,  for  example,  to  perfume 
the  official  soap  liniment,  and  it  is  official  in  the  British 
Pharmacopoeia.    This  authority  requires  that  the  oil  shall 
have  a  specific  gravity  -900  to  -915,  to  be  dextro-rotary  to 
+  10°,  and  to  be  soluble  in  2  volumes  of  90  per  cent,  alcohol. 
Cripps  (Ph.  Journal,  xxi.,  p.  937)  states  that  English  oil 
has  a  specific  gravity  of  -901  to  -924,  whereas  foreign  oil 
varies  from  -881  to  -907 ;  and  that  the  English  oil  is  laevo- 
rotary.     These  observations  do  not  appear  to  have  been 
carried  out  altogether  on  reliable  oils,  for  genuine  rosemary  ' 
oil,  whether  English  or  foreign,  should  never  have  a  specific 
gravity  below  0-896.   The  limits  '896  to  "920  may  be  regarded 
as  covering  all  genuine  oils,  which  are  usually  dextro-rotary 
from  +  1°  to  +  12°.    The  solubility  in  alcohol  is  also  im- 
portant, as  the  chief  adulterants,  turpentine  and  petroleum 
are  much  less  soluble  than  the  pure  oil.    Genuine  rosemary 
oil  should  dissolve  in  from  J  to  2  volumes  of  90  per  cent 
and  in  10  volumes  of  80  per  cent,  alcohol,  with  at  most  a 
slight  turbidity:  some  samples  are  far  more  soluble  than 
others.    The  presence  of  much  petroleum  oil  is  also  indicated 
by  evaporating  the  oil  in  a  water  bath,  when  pure  Rosemary 
oil  should  only  leave  a  slight  resinous  residue,  whilst  the 
petroleum  (necessarily  the  higher  fractions  of  petroleum  oil 
in  order  not  to  unduly  interfere  with  the  specific  gravity)  will 
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be  left  unvolatilised.  The  addition  of  alcohol  to  the  oil  may 
be  detected  by  the  addition  of  a  crystal  of  magenta  to  the  oil 
dried  over  calcium  chloride.  The  dye  is  insoluble  in  the  oil, 
but  imparts  a  pink  colour  to  it  if  alcohol  be  present.  Frac- 
tional distillation,  however,  with  appropriate  tests  for  alcohol 
to  the  first  distillate,  is  better. 

Schimmel  &  Co.  propose  the  distillation  of  the  first  10  per 
cent,  of  the  oil  and  examination  of  its  rotatory  power.  Pure 
oils,  they  state,  invariably  yield  a  dextro-rotary  fraction.  Five 
samples  distilled  by  themselves  gave  the  following  results  : — 

Yield. 

1  .  1*4  per  cent. 

2  .  1-7  ,-, 

3  .  1-5  „ 

4  .  1-73  „ 

5  .  1-73  „ 

The  author  and  Bennett,  however,  have  recently  shown  that 
pure  rosemary  oil  may  be  laevo-rotary  and  yield  laevo-rotary 
fractions  on  distillation.  As  those  deductions  were  made,  on 
oils  distilled  from  the  plant,  by  the  authors,  the  following  full 
details  are  reproduced  from  the  original  paper  (Chemist  and 
Druggist,  1906,  137) :— 

It  has  been  observed  for  some  time  past  that  rosemary  oil  of  Spanish 
origin  is  frequently  laevo-rotatory,  and  it  has  been  assumed  that  this  is  due  to 
adulteration.  Gildemeister  and  Hoffmann,  in  their  book  on  essential  oils, 
state  that  pure  rosemary  oil  is  always  dextro-rotatory,  and,  further,  that  the  first 
10  per  cent,  distilled  is  likewise  dextro-rotatory.  Messrs.  Schimmel  &  Co.  in  a 
recent  report  state  that  they  have  observed  a  dextro-gyrate  oil  giving  a  laevo- 
gyrate  fraction  on  distilling  the  first  10  per  cent.,  and  consider  that  this  was 
due  to  the  admixture  of  other  plants  with  the  rosemary.  We  have  recently 
carried  out  investigations  which  throw  some  light  on  this  matter,  the  results 
of  which  are  here  given. 

We  have  had  consigned  to  us  authentic  specimens  of  rosemary  herb  grown 
in  Spain  and  France  respectively  (some  300  lb.  in  all),  and  the  oil  from  these 
has  been  distilled  in  the  laboratories  of  Messrs.  Wright,  Layman  &  Umney, 
Limited,  under  the  direct  supervision  of  Mr.  J.  C.  Umney.  We  are  also  in- 
debted to  Mr.  H.  E.  Burgess  for  the  distillation  of  one  sample.  The  results  of 
our  examination  of  these  oils  prove  beyond  doubt  that  a  laevo-rotatory  oil  is 


Tntl  Rotation.  .  B°!fm  °f  . 

Gravity.  first  10  per  cent. 

■913  +  4°  16'  +  1°  30' 

■909  +  3°  40'  +  1°  22' 

•910  +  5°  54'  +  6°  26' 

•904  +  6°  54'  +  7°  49' 

•906  +  8°  52'  +  8°  24' 
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consistent  with  purity,  and  also  a  dextro-rotatory  oil  giving  laevo-rotatory 
fractions. 

It  is  customary  in  France  to  distil  the  oil  from  herb  which  has  been 
collected  after  the  flowering  period  (February  and  March)  and  dried  for  about 
eight  days  in  the  sun.  In  Spain  the  distillation  goes  on  all  the  year  round, 
and  some  variation  is  therefore  to  be  expected.  Both  fresh  and  dried  herbs 
are  employed,  the  latter  when  the  supply  is  greater  than  the  capacity  of  the 
stills  and  when  it  has  to  be  carted  from  a  long  distance.  In  the  dry  state  the 
leaves  can  be  readily  separated  from  the  stalks  by  threshing,  but  in  the  fresh 
condition  it  is  impossible  so  to  separate  them.  The  yield  from  the  fresh  herb 
is  from  0-4  to  0-75  per  cent.,  while  the  dried  leaves  yield  about  1  per  cent,  of 
oil,  which  is  of  finer  quality  than  that  from  the  fresh  herb.  The  characters 
of  three  typical  samples  were  as  follows  : — 


1  (Spanish). 

2  (French). 

3  (French). 

Source .... 
Specific  gravity  . 
Optical  rotation  . 
Esters    calculated  as 

bornyl  acetate  . 
Total  borneol 
Optical  rotation  of  first 

10  per  cent.  (100  mm.) 

Leaves  alone 
0-917 
+  5°  30' 

3-2  °/° 
19-7  7° 

-1° 

Leaves  and  stalks 
0-897 
-  8°  30' 

3-0  °/o 
10-9  °/0 

- 12°  30' 

Leaves  alone 
0-914 

-3° 

3-6  °/Q 
18-5  % 

-10° 

No.  1  was  distilled  from  herb  collected  towards  the  end  of  last  summer  and 
dried  in  the  sun.  It  consisted  entirely  of  leaves  which  were  well  developed 
and  of  a  fine  green  colour.    The  yield  was  0-89  per  cent. 

No.  2  was  distilled  from  stalky  herb  in  the  dried  condition,  collected  in 
February  last.  T^ie  proportion  of  stalks  amounted  to  nearly  60  per  cent. 
Yield  of  oil  0-4  per  cent. 

No.  3  was  distilled  from  the  same  consignment  as  No.  2,  but  the  stalks 
were  separated  and  the  leaves  alone  distilled.  They  yielded  1-09  per  cent,  of 
oil,  containing  a  high  proportion  of  borneol.  The  leaves  were  somewhat  dis- 
coloured, probably  owing  to  some  fermentation  having  taken  place.  - 

The  stalks  alone  yielded  very  little  on  distillation,  showing  that  they  contain 
a  much  smaller  percentage  of  oil  and  that  of  little  odour  value.  Our  results 
show  that  the  laevo-rotatory  constituent  (laevo-piuene)  occurs  in  greater  pro- 
portion when  the  stalks  are  included,  and  that  an  inferior  oil  is  then  obtained. 
It  is  evident  that  oils  derived  from  carefully  picked  leaves  yield  fractions  which 
are  laevo-gyrate. 

The  following  are  the  results  of  fractionation  of  the  above  oils : — 
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No.  1. 


Fraction. 

Sp.  Gr. 

Eotation. 

Eefractive 
Index. 

P.  P 

PnTTlTTlpTlpin  Cf 
iin  i  lie  i  [    iij  _ 

at 

1 

°l 

<  O 

.    .    .  10 

0-884 

-1° 

1-4676 

152°  C. 

2 

.    .    .  10 

0-890 

- 1°  10' 

1-4680 

156°  C. 

3 

.    .    .  10 

0-895 

- 1°  20' 

1-4681 

159°  C. 

4 

.    .    .  10 

0-902 

+  1° 

1-4682 

162°  0. 

5 

.    .    .  10 

0-903 

+  1°  20' 

1-4683 

163°  C. 

6 

...  10 

0-911 

+  2° 

1-4686 

165°  C. 

7 

.    .  10 

0-922 

+  2°  30' 

1-4700 

169°  C. 

8 

.    .  10 

0-940 

+  3° 

1-4736 

177°  C. 

Residue  20 

Partially 

crystallised 

1-4885 

185°  C. 

No.  2. 


Fraction. 

Sp.  Gr. 

Rotation. 

Eefractive 
Index. 

1    .    .  . 

% 
.  10 

0-874 

-12° 

30' 

1-4660 

2    .    .  . 

.  10 

0-878 

-13° 

1-4670 

3    .    .  . 

.  10 

0-879 

-13° 

30' 

1-4670 

4    .    .  . 

.  10 

0-883 

-12° 

20' 

1-4670 

5    .    .  . 

.  10 

0-886 

-11° 

20' 

1-4670 

6    .    .  . 

.  10 

0-891 

-10° 

30' 

1-4670 

7    .    .  . 

.  10 

»  0-896 

-  8°  30' 

1-4678 

8    .    .  . 

.  10 

0-909 

-  5°  30' 

1-4702 

Residue  . 

.  20 

1-4859 

No.  3. 


Fraction. 

Sp.  Gr. 

Eotation. 

Refractive 
Index. 

% 

1    .    .    .  . 

10 

0-885 

-  10° 

1-4660 

2    .    .    .  . 

10 

0-888 

-10° 

1-4680 

3   .    .   .  •  . 

10 

0-891 

-  9°  20' 

1-4685 

4:      .      .      .  . 

10 

0-896 

-  7°  70' 

1-4686 

5    .    .    .  . 

10 

0-900 

-  6°  70' 

1-4686 

6    .    .    .  . 

10 

0-909 

-  4°  50' 

1-4686 

7    .    .    .  . 

10 

0-921 

-1° 

1-4686 

8    .    .    .  . 

10 

0-938 

+  2° 

1-4697 

Residue .  . 

20 

Partially  c 

rystallised 
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It  is  therefore  quite  clear  that  the  borneol  is  derived  principally  if  not  entirely 
from  the  leaves,  and  a  genuine  laevo-rotatory  oil  containing  a  comparatively 
low  percentage  of  borneol  may  be  assumed  to  have  been  distilled  from  both 
leaves  and  stalks,  since  the  leaves  alone  yield  an  oil  which  has  a  finer  odour 
and  higher  borneol  content. 

These  facts  have  been  confirmed  by  Birckenstock. 

The  estimation  of  the  esters  and  free  alcohols,  by  saponi- 
fication and  acetylation  with  a  second  saponification,  yields 
valuable  information.  The  results  are  expressed  as  borneol 
and  bornyl  acetate.  According  to  Schimmel  &  Co.,  about  16 
to  19  per  cent,  of  borneol  and  5  to  6  per  cent,  of  bornyl 
acetate  are  present.  Laevo-rotary  oils  may  contain  as  little 
as  10  per  cent,  of  borneol.  When  fractionally  distilled  not  a 
great  deal  should  come  over  under  155°.  The  quantity  will 
naturally  vary  according  to  the  form  of  apparatus  used,  but 
under  no  circumstances  should  more  than  15  to  20  per 
cent,  be  obtained.  Adulteration  with  turpentine  is  probable, 
if  as  much  as  this  distils  over. 

According  to  Haller  (Comptes  Rendus,  cviii.,  p.  1308),  the 
"camphor"  of  rosemary  oil  consists  of  decrfro -camphor, 
iaew-camphor,  dextro-bovneol  and  iaeuo-borneol.  Esters 
of  borneol  are  also  present,  chiefly  the  acetate.  Hirschsohn 
found  cineol  in  the  oil,  and  Schimmel  &  Co.  have  identified  the 
presence  of  pinene  and  camphene.  The  pinene  appears  to 
be  present,  partly  at  all  events,  as  dextro -pinene.  The  state- 
ment of  Brannt  (Animal  and  Vegetable  Fats  and  Oils,  vol. 
ii.,  p.  570)  that  "rosemary  oil  consists  of  a  laevo-tetnene  (80 
per  cent.)  which  may  probably  be  entirely  laevo-pinene  "  is 
entirely  erroneous,  and  evidently  based  on  the  examination 
of  adulterated  samples. 

Peppermint  Oil. — This  important  oil  is  the  product  of 
the  distillation  of  the  herbs  Mentha  piperita  and  Mentha 
arvensis,  the  latter  producing  the  "  Japanese  "  oil  and  the 
former  all  the  other  distillates. 

Commercially,  peppermint  oil  appears  to  have  commenced 
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its  history  about  1750,  when  cultivation  was  commenced  at 
Mitcham  in  Surrey.    To-day  the  English  peppermint  fields 
are  chiefly  located  in  this  district,  and  in  the  neighbourhoods 
of  Market-Deeping  in  Lincolnshire,  Hitchin  in  Hertford- 
shire, and  Wisbeach  in  Cambridgeshire.    The  oil  produced 
by  English-grown  plants  bears  the  same  relation  to  most  of 
the  foreign  oil,  as  is  the  case  with  lavender  oil,  although  it  is 
claimed  that  certain  distillates  of  German  plants  approach 
the  English  variety  in  fineness  of  odour,  as  they  certainly  do 
in  price.    Distillation  of  the  oil  in  America,  which  is  now 
the  most  important  producer  of  peppermint  oil,  commenced 
in  the  early  part  of  last  century,  when  a  small  distillery 
was  erected  in  Wayne  County,  New  York  State.  To-day 
many  thousand  acres  are  under  cultivation,  and  the  principal 
districts  producing  the  oil  are  Wayne  County  (New  York), 
various  portions  of  the  State  of  Michigan,  especially  Wayne 
County  (Michigan),  Van  Buren,  St.  Joseph's  and  Kalamazoo 
Counties ;  St.  Joseph's  County,  Indiana ;  and  to  a  smaller 
extent  in  some  of  the  counties  of  Ohio  and  in  some  parts  of 
the  south  of  the  Canadian  province  Ontario.    The  whole  of 
the  peppermint  cultivation  in  America  is  thus  confined  to 
the  north-east  portion  of  the  United  States  and  extreme 
south  of   Canada.     In  Germany,  plantations  have  been 
successfully  established  at  Miltitz,  in  the  neighbourhood  of 
Liepzig,  by  Messrs.  Schimmel  &  Co.,  and  a  fine  oil  is  obtained 
from  the  plants  grown  there.    A  small  quantity  of  oil  is  also 
produi  ed  in  Erance,  in  the  departments  of  the  Yonne  and  du 
Nord.    Japan  and,  to  a  certain  extent,  China  produce  large 
quantities  of  peppermint  oil.    Mr.  E.  M.  Holmes  identified 
the  Japanese  plant  as  Mentha  arvensis,  and  as  the  Chinese 
plant  differs  slightly  from  the  Japanese,  he-  retains,  for  the 
sake  of  distinction,  the  names  Mentha  arvensis  var.  piper- 
ascens  for  the  Japanese,  and  Mentha  arvensis  var.  glabra 
for  the  Chinese  plant.    The  chief  Japanese  plantations  are 
located  north  of  Yokohama,  and  southwards  into  the  pro- 
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vinces  of  Bingo-Bitchin.  The  largest  centre  of  cultivation 
is  in  the  province  of  Uzen,  which  produces  more  oil  than  all 
the  other  provinces  put  together.  Uzen  is  in  the  north- 
east of  the  island  of  Hondo,  the  chief  of  the  Japanese 
islands.  After  Uzen,  Bingo  is  the  most  important  producing 
province.  The  following  map  (reproduced  by  the  courtesy 
of  the  editor  of  the  Chemist  and  Druggist)  illustrates  the 
■chief  peppermint  districts  in  Japan  : — 


Pig.  17. 
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In  England  two  varieties  of  the  plant  are  grown,  known 
as  "  black  "  and  "white  "  mint.  Of  these  the  former  is  the 
coarser  plant,  rarely  flowering  in  England,  and  yielding  rather 
more  oil  of  somewhat  less  delicate  aroma  than  the  white 
mint.  The  herbs  are  distilled  in  the  green  state,  although 
sometimes  left  for  a  day  or  two  in  heaps,  after  being  cut. 
In  England  most  of  the  stills  used  hold  from  4  to  8  cwt. 
of  herbs,  and  have  a  false  bottom  which  is  covered  to  the 
depth  of  2  feet  with  water,  and  direct  heat  is  then  applied. 
The  distillation  is  carried  on  for  about  five  hours.  The 
yield  varies  according  to  the  season  from  about  £  to  1  per 
cent. 

In  America  the  mint  is  usually  left  in  the  sun  in  small 
cocks  for  a 1  short  time  before  distillation.  With  regard  to 
the  advisability  of  drying  the  plants  before  distillation,  thus 
reducing  the  bulk  and  so  increasing  the  charge  of  a  still, 
Mr.  Todd,  a  well-known  Michigan  grower,  carried  out  ex- 
periments on  a  very  large  scale,  and  came  to  the  following 
conclusions : — ■ 

1.  No  loss  of  essential  oil  of  peppermint  through  diffusion 
in  the  atmosphere  is  occasioned  by  thorough  drying  of  the 
plants  and  prolonged  exposure  to  atmospheric  action  prior 
to  distillation. 

2.  Such  exposure  does  not  increase  the  crystallising 
tendency  of  the  essential  oil. 

3.  A  heavy  and  insoluble  resinoid  is  produced  by  oxida- 
tion, increasing  the  specific  gravity  of  the  oil  and  affecting 
the  boiling  point  and  solubility,  by  raising  the  former  and 
decreasing  the  latter. 

4.  To  obtain  the  best  results  as  to  the  quality  of  oil  pro- 
duced and  the  facility  of  handling  and  distillation,  the  plants 
should  be  dried  as  thoroughly  as  possible  without  endangering 
the  loss  of  leaves  and  blossom ;  distillation  should  then  take 
place  as  soon  as  convenient  to  prevent  the  formation  of  resm. 
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A  cornroon  form  of  still  used  here  is  a  wooden  tub  or  vat 
made  of  well-seasoned  wood,  well  hooped  with  iron.  Two 
are  kept  side  by  side,  so  that  one  can  be  used  whilst  the 
other  is  being  emptied.  The  mint  is  packed  into  the  vat, 
being  trodden  down  well  with  the  feet,  and  a  steam-tight 
cover  screwed  on.  Steam  is  supplied  from  a  boiler  to  the 
bottom  of  the  vat,  usually  at  a  pressure  of  from  30  to  40  lb., 
and  the  oil  and  steam  are  condensed  in  a  worm  condenser. 


Pig.  18. — Peppermint  Stills  (section). 

The  following  details  of  the  method  of  distillation  used  in 
Japan  are  from  a  paper  published  by  Mr.  E.  Marx  (Mitt,  der 
deutschen  Gesselschaft  fur  Natur.  und  Volkerkunde  Ostasiens, 
vol.  vi.,  p.  335)  and  translated  in  the  Chemist  and  Druggist 
(25th  April,  1896 )  :— 

"  From  this  report  we  learn  that  the  industry  has  not 
benefited  by  the  introduction  of  European  methods,  although  it 
is  a  considerable  one.  It  is  Mr.  Marx's  opinion  that  the  sub- 
stitution of  an  improved  method  for  that  now  followed  would 
benefit  both  the  quantity  and  quality  of  the  oil  produced. 
The  apparatus  universally  adopted  in  Japan   consists  of 
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cast-iron  broad-edged  boilers,  A,  I,  H ;  wooden  vats,  B ;  and 
condenser,  C.  Generally  there  are  three  sets  of  stills'  etc., 
combined  m  one  battery  with  a  common  furnace.  They 
are  arranged  in  steps,  so  that  the  lowest  is  built  into  the 
ground. 

"  The  process  is  begun  by  filling  the  boilers,  A,  I,  H,  with 
water;  then  the  vats,  B,  which  have  perforated  bottoms,  are 
placed  on  the  broad  edges  and  surrounded  with  straw  bands 
and  soft  clay.  It  is  in  these  vats  that  the  peppermint  is 
placed.  Next,  the  inverted  condenser,  C,  is  put  on  and  filled 
with  water  and  the  furnace,  E,  lighted.     The  heat  passes 


Fig.  19.— Peppermint  Stills  (ground  plan). 


Fig.  20.— Bamboo  Syphon. 

from  E  below  A,  I,  and  H,  and  disappears  through  the  chimney, 
N,  on  which  the  distilling  begins.  The  boilers,  I  and  H,  are 
properly  heated  by  the  fumes  as  they  pass,  and  sufficiently 
so,  as  H  is  smaller  than  I,  and  I  smaller  than  A.  The  steam, 
penetrating  the  herb,  carries  with  it  the  essential  oil,  and 
condenses  on  the  outer  side  of  C,  being  collected  in  the  vessel, 
K,  hanging  upon  it,  from  which  the  condensed  water  con- 
taining the  oil  passes  through  a  bamboo  reed,  L,  inserted  in 
K  to  the  florentine  flasks,  0.  Each  of  these  consists  of  a 
little  wooden  container  in  which  a  glass  cylinder  (an  old 
bottle  without  bottom  or  neck)  is  inserted.  In  this,  the 
water  separated  from  the  oil  runs  through  the  little  pipe,  P, 
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again  into  the  boilers,  A,  H,  I.  As  soon  as  the  water  in  C 
becomes  hot,  the  workman  replaces  it  with  cold  water.  The 
emptying  is  effected  by  a  bamboo  syphon.  The  workman 
inserts  the  short  arm  in  the  inverted  cooler,  closes  the  lower 
opening  and  sucks  the  syphon  until  the  water  flows  into  it. 
According  to  the  inborn  easy-going  nature  of  the  Jap  work- 
man, who  likes  to  pause  in  his  work  for  a  smoke,  it  often 
happens  that  the  cooling  water  in  C  begins  to  boil  and  steam 
runs  through  instead  of  the  condensed  water  saturated  with 
oil,  so  that  the  atmosphere  in  the  neighbourhood  becomes  so 
impregnated  with  peppermint  that  any  one  near -loses  sight 
and  sense  of  smell.  The  workman  does  not  go  unpunished, 
as  he  burns  his  mouth  by  sucking  up  the  boiling  water  ;  that, 
however,  does  not  prevent  him  from  going  on  smoking,  and 
the  same  thing  happens  again.  In  addition  to  the  direct 
loss  of  oil  caused  by  this  negligence,  it  often  happens  that 
the  water-boiler  becomes  dry,  and  then  the  herb  in  the 
still  is  burnt,  in  spite  of  the  straw.  This  sometimes  happens 
in  spite  of  all  precautions,  as  the  flames  frequently  overheat 
the  boilers  if  the  water  runs  too  low,  and  the  products  of 
burning  straw  get  over  with  the  distillate,  which  explains 
why  Japanese  peppermint  oil  sometimes  has  a  peculiar 
empyreumatic  flavour." 

J apanese  oil  of  peppermint  contains  a  very  high  propor- 
tion of  menthol,  which  is  frequently  removed,  and  the  de- 
mentholised  oil  sold  either  as  such,  or,  fraudulently,  as  the 
natural  oil.  The  usual  manner  in  which  the  menthol  is 
obtained  is  by  a  simple  process  of  freezing,  whereby  the 
crystals  separate,  and  are  freed  from  the  adherent  oil  either 
by  pressure  or  centrifugal  treatment.  To  purify  them  they 
should  be  recrystallised  from  a  suitable  solvent,  such  as 
alcohol.  If  it  is  wished  to  extract  the  maximum  quantity  of 
menthol,  it  is  advisable  to  distil  off  the  terpenes,  etc.,  under 
reduced  pressure,  and  then  freeze  the  residual  oil. 
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Peppermint  oil  has  an  extensive  use  in  the  preparation  of 
confectionery,  liqueurs,  etc.,  and  in  pharmacy.  It  is  official 
in  the  British  Pharmacopoeia,  which  requires  it  to  have  a 
specific  gravity  of  -900  to  -920,  and  to  be  soluble  in  four 
times  its  volume  of  70  per  cent,  alcohol.  An  unsatisfactory 
qualitative  test  for  menthol  is  also  added  ;  the  oil  when  cool 
deposits  crystals  of  menthol,  it  being  allowed  to  add  a  crystal 
of  this  body  to  induce  the  crystallisation.  This  should  be 
replaced  by  a  quantitative  determination  of  the  menthol. 

Peppermint  oil  is  one  of  those  which  improve  by  keeping, 
the  aroma  becoming  more  delicate,  even  when  kept  for  ten  or 
twelve  years. 

Menthol  has  long  been  known  as  the  chief  constituent  of 
oil  of  peppermint,  and  although  all  the  oils  of  peppermint 
have  not  been  thoroughly  examined,  it  is  probable  that  the 
same  bodies  are  in  general  present  in  all  of  them,  except  in 
so  far  as  small  quantities  of  some  compound  or  compounds 
may  be  present  in  special  oils,  modifying  the  aroma  to  a 
considerable  extent.     For  example,  the  precise  difference  in 
the  composition  of  American  and  English  oils  is  not  com- 
pletely understood.     Andres  (Ghem.  Gentr.,  1890,  ii.,  p.  63) 
showed  that  the  oil  obtained  from  plants  grown  in  Eussia 
contained  the  terpene  limonene  C10H16,  the  hydrocarbon 
menthene  C10H18  (which  can  also  be  obtained  by  the  dehydra- 
tion of  menthol),  menthol  C10H19OH,  and  menthone  C10H18O. 
Power  and  Kleber,  in  1894,  carried  out  a  lengthy  investiga- 
tion of  American  oil  of  peppermint,  and  showed  that  it  con- 
tained the  following  bodies  : — 


Acetic  Aldehyde  CH3.  COH. 

Acetic  Acid  CH3 .  COOH. 

Pinene  (inactive  ?)  C10H10. 

Limonene  (laevo?)  Ci0H10. 

Menthone  C10H18O. 

Menthyl  Acetate  CioHu, .  C2Hn02. 

Cadinene  C^ELy. 

A  Menthyl  ester  C^H,,, .  CgH„0,. 


Iso-valeric  Aldehyde  C4H9 .  COH. 
Iso-valeric  Acid  C4Hg .  COOH. 
Phellandrene  C10Hi6. 
Cineol  Ci0H18O. 
Menthol  C10H19 .  OH. 
Menthyl-iso-valerato  C10H19 .  C6H90„. 
A  Lactone  CJ0H16O2. 
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Traces  of  amyl  alcohol  and  dimethyl  sulphide  are  said  to 
exist  in  the  oil.  Charabot  in  examining  French  peppermint 
oil  confirmed  the  presence  of  acetic  and  valeric  (iso-valeric  ?) 
acids  in  the  form  of  esters. 

For  the  chemical  examination  of  peppermint  oil,  the 
following  characters  must  be  determined.  Specific  gravity, 
optical  rotation,  percentages  of  free  menthol,  combined 
menthol  as  esters,  and  of  menthone,  solubility  and  (as  yield- 
ing confirmatory  information)  behaviour  on  distillation. 
Peppermint  oil  from  Mentha  piperita  should  have  a  specific 
gravity  "900  to  "920,  rarely  rising  to  "925,  and  an  optical  rota- 
tion usually  between  -  23°  and  -  33°,  but  falling  to  -  10°  or 
even  lower  in  rare  cases.  Italian  and  French  oils  are  some- 
times outside  these  limits.  The  refractive  index  is  about 
1-4650. 

The  Japanese  oil  from  Mentha  arvensis  has  a  specific 
gravity  of  '895  to  -905,  and  an  optical  rotation  of  -  25° 
to  -  43°.  Peppermint  oil  should  be  soluble,  at  most  with 
a  trifling  opalescence,  in  4  volumes  of  70  per  cent,  alcohol. 
The  method  of  estimating  the  menthol  (or  isomeric  menthols 
— which  are  possibly  present)  and  the  menthone  is  by  the 
saponification  and  acetylation  process  which  was  first  applied 
to  this  oil  by  Power  and  Kleber.  The  total  quantity  of 
menthol  as  esters  is  first  estimated  by  a  preliminary  saponi- 
fication. A  quantity  of  the  oil  is  then  saponified  and  the 
resulting  oil,  free  from  esters,  separated  and  dried.  By 
acetylating  this,  the  menthol  is  completely  converted  into 
menthyl  acetate  and  is  estimated  by  another  saponification. 
This  gives  the  total  menthol  (in  the  ester  free  oil).  Another 
portion  of  the  ester  free  oil  is  reduced  by  means  of  sodium 
and  alcohol  (thus  converting  the  menthone  into  menthol),  and 
then  acetylated  and  saponified.  The  amount  of  menthol 
now  found  corresponds  to  the  total  menthol  originally  in  the 
oil  together  with  that  formed  by  reducing  the  menthone  (the 
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difference  in  the  molecular  weights  of  menthol  and  menthone 
may  here  be  neglected).  The  following  are  the  details  of  the 
process  as  given  by  Power  and  Kleber  : — 

About  20  grammes  (accurately  weighed)  of  peppermint 
oil,  together  with  30  c.c.  of  an  alcoholic  normal  solution  of 
■sodium  hydroxide,  are  either  heated  to  boiling  for  an  hour 
in  a  flask  provided  with  a  reflux  condenser,  or  the  mixture, 
contained  in  a  strong,  securely  stoppered  glass  bottle,  is 
heated  for  an  hour  in  a  bath  of  boiling  water,  and  subse- 
quently the  uncombined  alkali  titrated  with  normal  sulphuric 
acid  with  the  use  of  phenol-phthalein  as  an  indicator. 
From  this  the  combined  menthol  is  calculated  as  menthyl 
acetate. 

The  saponified  oil  is  then  repeatedly  well  washed  with 
water  and  finally  boiled  for  an  hour  with  an  equal  volume 
of  acetic  anhydride  and  2  grammes  anhydrous  sodium  acetate 
in  a  flask  provided  with  a  suitable  condensing  tube,  ground 
at  one  end  so  as  accurately  to  fit  the  neck  of  the  flask.  The 
product,  after  cooling,  is  washed  with  water,  then  with  a 
dilute  solution  of  sodium  hydroxide,  dried  in  contact  with 
calcium  chloride,  and  filtered.  From  8  to  10  grammes  of  the 
resulting  oil  are  then  saponified  as  above,  with  the  use  now 
of  50  c.c.  of  alcoholic  normal  solution  of  sodium  hydroxide, 
and  the  uncombined  alkali  determined  by  titration. 

As  each  cubic  centimetre  of  normal  alkali  required  for 
saponification  corresponds  to  0156  gramme  menthol,  and  as 
this  yields  0198  gramme  menthyl  acetate,  it  is  necessary  in 
order  to  calculate  the  found  amount  of  menthol  with  reference 
to  its  percentage  in  the  non-acetylised  oil  (free  from  ester)  to 
subtract  from  the  amount  of  oil  used  for  saponification  0042 
gramme  (the  difference  between  0*156  and  0198  gramme) 
for  each  cubic  centimetre  of  normal  alkali  consumed.  If, 
for  example,  s  grammes  of  acetylised  oil  had  required  for 
saponification  a  c.c.  of  normal  alkali,  the  total  percentage  P 
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of  menthol,  free  and  in  the  state  of  ester,  may  be  calculated 
by  the  following  formula  : — 

p  ax  15"6 


s  -  {ax  0-042) 

This,  indeed,  does  not  indicate  with  absolute  exactness 
the  percentage  of  menthol  contained  in  the  original  oil,  for 
it  is  assumed  in  this  calculation  that  all  the  menthol  which 
is  present  as  ester  is  combined  with  acetic  acid,  whereas  as  a 
matter  of  fact  it  is  partly  in  combination  with  iso-valerianic 
acid,  etc.  But  the  error  so  introduced  is  so  small  that  it 
may  be  left  out  of  account. 

As  menthone  may  readily  be  converted  into  menthol  by 
reduction,  the  above-described  method  may  be  also  employed 
fo*  the  determination  of  the  amount  of  menthone  in  the  oil, 
m  the  following  manner.  The  oil  is  saponified,  and  in  a 
portion  of  the  product,  previously  deprived  of  alcohol,  the 
percentage  of  menthol  is  determined.  Another  portion 
is  diluted  with  twice  its  volume  of  alcohol,  and  treated  at 
the  boiling  temperature  of  the  liquid  with  metallic  sodium. 
Of  the  oil  which  separates  by  the  subsequent  addition  of 
water,  a  weighed  quantity  is  used  for  another  estimation  of 
menthol.  The  increase  corresponds  to  the  amount  of  men- 
thone present. 

The  above  formula,  which  gives  the  total  percentage  of 
menthol,  is  not  quite  accurate,  as  it  is  referred  to  the  ester  free 
(sapomfie&yoil.  The  correction  necessary  to  be  introduced 
is  not  of  great  importance,  as  the  quantity  of  menthyl  esters 
is  not  nearly  so  great  as  that  of  free  menthol,  but  to  be 
perfectly  correct  it  must  be  remembered  that  to  calculate 
the  ester  free  oil  to  the  original  peppermint  oil,  the  latter 
has  lost  weight  as  compared  with  the  former  to  the  extent 
of  -75  per  cent,  for  1  each  per  cent,  of  KOH  required  for  the 
preliminary  saponification  of  the  esters,  assuming  that  these 
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are  all  present  as  menthyl  acetate.  Thus  if  an  oil  gives  an 
ester  content  of  10-6  per  cent.,  equivalent  to  3  per  cent,  of 
KOH,  or  8 '4  per  cent,  of  menthol,  and  a  total  menthol 
content  as  calculated  from  the  above  formula  of  60  per  cent., 

it  is  necessary  to  multiply  this  by  the  factor  j-^    to  obtain 

the  total  menthol  content  in  the  original  oil,  i.e.,  58' 7. 
Hence  the  free  menthol  will  be  50"3  per  cent.,  and  the 
combined  menthol  8*4  per  cent. 

With  regard  to  the  fractional  distillation,  it  may  be  noted 
that  the  results  are  very  variable,  according  to  the  exact  con- 
ditions of  the  experiment.  But  an  oil  with  high  menthol 
content  will  always  give  a  considerable  distillate  in  the 
neighbourhood  of  215°,  which  is  near  the  boiling  point  of 
menthol  (212°). 

The  majority  of  the  accompanying  figures  for  a  number  of 
oils  are  given  by  Schimmel  &  Co. 

In  general,  English  oils  have  a  specific  gravity  of  about 
•906  to  '909,  and  an  optical  rotation  of  -  27°  to  -  32°,  and 
contain  from  60  to  70  per  cent,  of  menthol,  or  rather  more 
than  most  American  oils.  Japanese  oils  often  contain  in 
the  natural  condition  as  much  as  85  per  cent.'  of  menthol. 
Umney  has  examined  samples  of  "black"  and  "white" 
mint  oils  comparatively,  and  gives  the  following  figures  for 
them : — 

Sp.  Gravity.    Rotation.      ^i'f'0^,,  MmtJunus. 

1  Black        -9036  -  23-5°  3-7        59-4  11-3 

2  White        -9058  -  -33°  13  6        51-9  9-2 

It  is  necessary  to  examine  a  number  of  samples  before 
generalising  on  these  results. 

Charabot  has  examined  a  number  of  French  oils  (Bull. 
Soc.  Ghim.,  xix.,  p.  117)  which  were  characterised  by  their 
low  rotation.    His  figures  are  as  follows  : — 
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Sp.  Gravity.  Rotation.  Mentlwl—  Maviihnwo 

,               n     a  as  esters.  free  Menthone. 

1  -921  _6°  38'  6-6             89-4  9 

2  -918  _6°40'  5.6             38 .7  8.g 

3  -918  -5°  54'  8-0             35-7  8-8 

4  '918  -7°  6'  7-7             37-8  9-6 

^  2ay  gives  the  following  figures  for  six  samples  of  Italian 
oil : — 

d  Total      Ester-  Free 

15°"  adK°-  n'lm«-  mentlwl.  menthol,  mentlwl. 

I.       0-916         12°34'        ,.m  5l°5  9-72  45^8 

II.       0-9171       -10°  41'      1-467  58-6  7-10  til 

m.       0-9256       -7°4'         1-468  45  0  6  01        38  99 

v     ollf     ~Z21'    1'46733  (20°)     52"5       ™  • 

V       0-916         -18°  17'      1-46783  (20°)       53-07        9-66  43-41 
VI.      0-9157       -12°  34'      1-46783  (20°)       50-95        9-87        41  08 

Schimmel  &  Co.  give  the  following  figures  for  three  samples 
of  French  oil ; — 

•  ^2rHy-  ■  ■  °5f,409  °;r 

—  5   20  —  17°4fi'  QKO-rcv 

Total  menthol    .       .  45.7*50,  ' ~65  18 

45  75  /0  50-82  °/0  69-26  % 

Widen  has  examined  a  J avanese  oil  of  peppermint  distilled 
from  Mentha  javanica.  Its  specific  gravity  was  0-9214  and 
optical  rotation  +  4°  40'.  It  contained  much  pulegone,  but 
little  menthol. 

Umney  and  Bennett  examined  some  oils  distilled  from 
plants  of  English  origin  grown  in  Sicily. 

The  oils  varied  in  character  with  the  season  of  distilla- 
tion  as  follows  : — 

Tnlvnii  looi  S?'gr'        Nation.  Menthol. 

July  oil,  1904     .       .       o-908  _  14"  Q  a 

December  oil,  1904    .      0-920  _  23°  7n  k  °, 

July  oil,  1905     .       .       0-906  _  21°  £  6  Jf 

There  is  one  general  conclusion  that  may  be  fairly  drawn 
from  all  these  figures;  that  is,  that  the  effects  of  climate 
soil  and  cultivation  have  a  very  marked  influence  on  the 
quality  and  composition  of  peppermint  oil.     For  mixtures 
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of  the  various  kinds  of  these  oils,  the  nose  of  an  experienced 
dealer  is  the  best  test,  as  a  chemical  examination,  whilst 
deciding  on  the  purity  or  otherwise  of  the  oil,  will  often  fail 
to  discriminate  between  various  blends. 

Peppermint  oil  is  frequently  adulterated.  The  American 
oil  is  sometimes  enriched  by  the  addition  of  Japanese  menthol, 
which  is  usually  cheaper  than  American  oil.  Camphor  oil 
is  used  as  an  adulterant ;  also  petroleum  at  times.  The 
author  and  Bennett  have  found  cedar-wood  oil  and  oil  of 
African  copaiba  used  as  adulterants  (see  below).  Bennett 
has  found  the  tri-acetin  in  one  sample.  The  behaviour  on 
distillation  as  compared  with  normal  samples  affords  the 
surest  indication  of  such  adulteration.  The  following  table 
represents  a  normal  distillation  of  pure  oil : — 

Pure  Oil. 


(Sp.  gr.  0-911 ;  Bef.  Index  1-4645.) 


Quantity. 
% 

12J 
12J 

12i 
12* 
12i 
124 


Sp.  Gr. 

0-898 
0-903 
0-907 
0-910 
0-912 
0-912 
0-915 
0-962 


Rotation. 

-10° 
-14° 
-16° 
-20° 
-  23° 
-23° 
-34° 


Ref.  Index. 

1-4660 
1-4635 
1-4645 
1-4640 
1-4615 
1-4615 
1-4630 
1-4790 


An  oil  containing  tri-acetin  gave  the  following  results 
(Bennett) : — 


Fractions. 

1 

2 
3 
4 
5 
6 
7 

Besidue 


Quantity. 

% 
124 

124 
12* 
124 

12* 
12* 
6 
19 


Sp.  Or.        Rotation.       Ref.  Index. 


0-900 
0-902 
0-910 
0920 
0-926 

0-  938 

1-  147 


-  15° 

-  15° 

-  14° 

-  16° 

-  20° 

-  22° 


1-4645 
1-4670 
1-4650 
1-4640 
1-4640 
1-4640 
1-4640 
1-4450 
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With  cedar-wood  and  copaiba  oils,  the  high  boiling  fractions 
are  found  to  have  very  high  refractive  indices  (up  to  1-4900 
or  even  1*500),  and  in  the  case  of  African  copaiba,  cadinene 
is  found  in  the  fraction  255°  to  270°,  and  in  the  case  of  cedar 
oils,  the  corresponding  fraction  may  be  laevo-rotary  to  the 
extent  of  -  45°. 

As  indicating  the  behaviour  of  African  copaiba  oil,  which 
has  been  used  to  an  enormous  extent  for  adulterating  this  oil, 
the  following  figures  for  the  pure  copaiba  oil  are  of  interest. 
A  sample  of  the  balsam  itself  was  distilled  by  the  author 
and  Bennett  and  the  oil  collected  in  four  equal  fractions. 

The  figures  obtained  were : — 


Sp.  Gr.           Rotation.  Ref.  Index. 

1  0-917             +  17°  30'  1-5030 

2  0-918             +  28°  30'  1-5043 

3  0-921              +  46°  1-5061 

4  0-927             +  55°  1-5082 

Other  samples  of  African  copaiba  oil  had  the  following 
characters : — 

Specific  gravity   0-919-0-932 

Rotation   +  30°  -  +  37° 

Refractive  index   1-4999-1-5040 

Two  of  these  on  fractionation  showed  variation  of  optical 
rotation  and  refractive  iiidex  as  under : — 

I.  n. 

Rotation.         Ref.  Ind.  Rotation.       Ref.  Ind. 

25  percent..       .       +16°            1*4960  +24°  1-4975 

25       „       .       .       +19°             1-4965  +26°  1-4980 

25               .              +24°             1-4980  +29°  1-4981 

20       „       .       .       +48°             1-5089  +43°  1-5090 

5      „         residue     —                 —  —  — 


Spearmint  Oil. — This  oil  is  distilled  from  the  green  herb 
Mentha  viridis,  which  yields  under  }  per  cent,  of  oil.  The 
spearmint  oil  of  commerce,  however,  is  largely  obtained  from 
Mentha  crispa,  but  it  is  practically  identical  with  that  from 
Mentha  viridis. 

So  far  back  as  18G4,  Gladstone  stated  that  this  oil  con- 
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sisted  of  carvone  and  a  terpene.  The  results  of  Trimble  and 
Baeyer  confirm  this  statement,  and  so  far  but  little  further 
is  known  of  the  chemistry  of  this  oil.  The  British  Pharma- 
copoeia describes  it  as  being  distilled  from  Mentha  viridis,  and 
having  a  specific  gravity  of  "920  to  -940.  Schimmel  &  Co., 
however,  state  that  an  oil  distilled  by  themselves  in  America 
had  a  specific  gravity  of  '980,  and  consider  that  commercial 
oils  may  owe  their  lower  gravity  to  the  fact  that  the  heavier 
oil  is  usually  left  in  the  still  and  only  the  lighter  oil  collected. 
This  suggestion,  however,  is  most  improbable. 

A  fractional  distillation  shows  a  large  fraction  at  220°  to 
226°,  indicating  a  high  proportion  of  carvone,  usually  from 
35  to  45  per  cent.  The  optical  activity  is  high,  often  reaching 
as  much  as  -  40°  or  -  50°.  The  oil  should  dissolve  in  an 
equal  volume  of  90  per  cent,  alcohol.  This  oil  is  scarcely 
ever  employed  in  pharmacy,  but  is  used  to  a  limited  extent 
for  flavouring'  and  perfumery.  The  English  oil  is  very 
expensive,  and  scarcely  ever  used,  the  majority  of  the  oil  of 
commerce  being  derived  from  America.  A  Russian  oil  of 
spearmint  recently  appeared  on  the  market,  differing  entirely 
from  the  ordinary  oil.  Possibly  it  is  the  product  of  Mentha 
aquatiea,  or  a  mixture  of  this  and  other  species.  Its  specific 
gravity  was  about  "880  to  -890  and  optical  rotation  from 
-  20°  to  -  25°.  A  sample  was  examined  by  Schimmel  &  Co., 
and  gave  the  following  results.  Specific  gravity,  -885  ;  optical 
rotation,  -  23°  12' ;  soluble  in  two  volumes  of  70  per  cent, 
alcohol ;  required  2"6  per  cent,  of  KOH  for  saponification, 
and  gave  an  alcohol  number  calculated  as  C10H18O,  by  the 
acetylation  process,  of  40-6  per  cent.  The  constituents 
identified  were— Jaevo-carvone  (5  to  10  per  cent.),  laevo- 
linalol  (50  to  60  per  cent.),  cineol  and  Jaevo-limonene  (20 
per  cent.).  Other  mint  oils  of  little  importance  are  the 
following  : — 

Mentha  aquatiea  yields  an  oil  of  specific  gravity  "880  to 
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•890  and  of  variable  optical  rotation.  Mentha  canadensis 
yields  an  oil  of  specific  gravity  -940.  Horsemint  oil  is  the 
product  of  the  American  plant  Monarda  punctata  (Mentha 
sylvestris  is  known  in  England  as  horsemint,  but  its  oil  is 
unknown).  This  oil  is  a  slightly  dextro-rotary  liquid  of 
specific  gravity  -930  to  -940.  It  contains  a  considerable 
quantity  of  terpenes  including  dextro-limonene  together  with 
cymene,  thymol  (25  per  cent.),  an  alcohol  of  the  formula 
C10HlsO  (linalol  ?),  and  traces  of  formic,  acetic  and  butyric 
acids. 

There  are  a  few  other  oils  of  the  Monarda  species  which 
may  be  conveniently  tabulated  here. 

Monarda  Fistulosa  —  This  oil  contains  carvacrol,  thymo- 
quinone  and  thymo-hydroquinone.  It  has  a  specific  gravity 
0"915  to  0-941  and  is  slightly  laevo-rotary.  The  carvacrol  is 
present  to  the  extent  of  50  to  60  per  cent. 

Monarda  Didyma. — This  oil  has  a  specific  gravity  about 
0-902  and  optical  rotation  -  10°.  It  (probably)  is  free  from 
both  thymol  and  carvacrol. 

Monarda  Citriodora. — This  oil  has  a  specific  gravity 
0-945,  and  contains  1/2  per  cent,  of  citral.  It  also  contains  65 
per  cent,  of  phenols,  of  which  carvacrol  is  the  principal,  with 
some  hydro-thymoquinone. 

Monarda  Myristica. — This  oil  has  a  specific  gravity  0*896 
and  optical  rotation  -  65°.  It  contains  limonene,  traces 
of  phenols,  phellandrene  and  probably  myristicol. 

Pennyroyal  Oil. — The  leaves  and  other  parts  of  the  plant 
Mentha  pulegium  yield  the  ordinary  pennyroyal  oil.  This 
plant  is  a  native  of  most  parts  of  Europe,  the  Caucasus,  Chili, 
Teneriffe,  etc.  The  volatile  oil  is  of  a  yellow  or  greenish- 
yellow  colour,  and  possesses  a  strong  odour  of  the  plant. 
The  specific  gravity  varies  from  '930  to  "960  and  the  optical 
rotation  from  +  16°  to  +  25°.  It  is  soluble  in  two  volumes  of 
70  per  cent,  alcohol.     Its  refractive  index  is  about  1'4800. 
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Several  chemists  have  investigated  this  oil,  but  the  only  well- 
defined  constituents  so  far  identified  are  the  ketone  pulegone, 
menthol,  laevo-limonene,  dipentene  and  menthone.  The 
most  valued  oil  is  that  obtained  from  Spanish  or  Algerian 
plants,  but  the  oil,  although  used  to  a  certain  extent  in 
pharmacy,  is  now  not  extensively  employed.  A  Russian 
pennyroyal  oil  is  known,  which  is  obtained  from  a  different 
plant,  Pidegium  micranthum.  This  oil  has  a  specific  gravity 
of  about  "930,  and  has  an  odour  recalling  peppermint  and 
spearmint.  The  American  pennyroyal  oil  is  distilled  from  a 
herb  indigenous  to  North  America,  Hedeoma  pulegoides. 
According  to  Schimmel,  the  dried  leaves  yield  about  3  per 
cent.,  and  the  leaves  and  stalks  together  about  1'5  per  cent, 
of  essential  oil.     The  specific  gravity  varies  from  0-925  to 

0-  940  and  the  optical  rotation  +  18°  to  +  22°.  The  oil  is  soluble 
in  two  volumes  of  70  per  cent,  alcohol,  a  characteristic 
interfered  with  by  the  addition  of  turpentine.  The  chief 
ingredient  in  this  oil  is  pulegone,  identical  with  that  from 
the  oil  of  Mentha  pulegium.  Traces  of  menthone  are  also 
present. 

Barrowcliff  has  recently  examined  the  American  oil.  The 
oil  used  in  this  investigation  possessed  the  following  char- 
acters :  dlb°/15°  =  0-9297 ;  ad  +  25°  44'  in  a  1-dcm.  tube ; 
soluble  in  twice  its  volume  of  70  per  cent,  alcohol.  It  was 
found  to  consist  of :  (1)  an  undetermined  phenol,  in  very  small 
amount;  (2)  i-pinene;  (3)  Z-liraonene;  (4)  dipentene,  all  of 
these  terpenes  being  present  in  only  small  amount ;  (5) 

1-  methyl-3-c2/cZohexanone  about  8  per  cent. ;  (6)  pulegone, 
about  30  per  cent. ;  (7)  i-menthone,  and  (8)  d-isomenthoney 
identical  with  the  dextro-rotatory  constituent  of  Beckmann's 
"  inverted  menthone  "  ;  the  amount  of  these  two  menthones 
constituting  about  50  per  cent,  of  the  oil ;  (9)  a  sesquiterpene 
alcohol,  about  2  per  cent. ;  (10)  esters  of  formic,  acetic,  octoic, 
decylic  and  salicylic  acids,  and  the  ester  of  a  dibasic  acid  of 
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the  probable  formula  C8H1404,  together  with  formic,  butyric, 
octoic  and  decylic  acids  in  the  free  state ;  all  these  esters  and 
acids  being  present  only  in  small  amount. 

Mountain  Mint  Oil  is  the  product  of  distillation  of  the 
herb  Pycnanthemum  incanum,  which  yields  1  per  cent,  of 
an  oil  of  specific  gravity  about  -910  to  "940,  and  optical  rota- 
tion +  3°  to  +  5°.  The  oil  contains  from  7  to  10  per  cent, 
of  phenols,  chiefly  carvacrol,  together  with  some  pulegone. 

Thyme  Oil.— Tina  oil  is  used  to  a  certain  extent  for 
veterinary  purposes  and  cheap  soap  perfumery,  often  under 
the  name  of  Origanum  oil  (which  is  in  reality  the  product  of 
a  species  of  Origanum).    The  most  valued  oil  is  the  French 
distillate,  which  is  the  product  of  Thymus  vulgaris ;  a  good 
deal  of  oil  is  produced  in  Spain,  but  this  is  at  times  distilled 
from  an  allied  species.     Two  commercial  varieties  are  re- 
cognised, the  "red"  and  "white"  oils.    The  former  is  the 
crude  distillate,  and  probably  owes  its  red  colour  to  the  action 
of  the  phenols  present  on  the  iron  of  the  crude  stills  and 
condensers  frequently  used.     The '  red   oil  when  properly 
rectified  forms  the  colourless  or  "  white  "  oil  of  commerce. 
The  yield  of  oil  is  very  variable — sometimes  being  as  low  as 
•5  per  cent.,  often  rising  to  1  per  cent,  in  the  fresh  and  2'5 
per  cent,  in  the  dried  herb.    The  French  oil  contains  from 
20  to  35  per  cent,  of  phenols,  chiefly  thymol,  upon  which  the 
value  of  the  oil  chiefly  depends.    The  Spanish  oil  contains 
often  a  much  higher  percentage  of  phenols  (30-50  per  cent.) 
partly  carvacrol.    As  these  are  sometimes  fraudulently  re- 
moved, it  is  important  that  the  percentage  of  phenols  should 
be  the  basis  of  valuing  the  oil.    In  addition  to  the  phenols, 
there  also  occur  pinene,  cymene,  borneol,  linalol  and  bornvl 
acetate,  and  probably  some  terpin  hydrate.    The  genuine  oil 
usually  possesses  a  specific  gravity  "905  to  "950  and  is  slightly 
laevo-rotary.     French  oils  rarely  have  a  higher  specific 
gravity  than  0'935.    Its  refractive  index  is  about  1-4800  to 
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T4950.  Admixture  with  the  oil  of  Thymus  serpyllum  does 
not  alter  the  specific  gravity,  but  increases  the  rotation, 
as  this  oil  rotates  up  to  -  12°.  Pure  oils  are  soluble  in  1  to- 
2  parts  of  80  per  cent,  alcohol.  Oils  adulterated  with  French 
turpentine  have  a  high  laevo-rotation.  A  very  large  amount 
of  the  French  "white"  oil  contains  a  considerable  quantity 
of  turpentine.  The  percentage  of  phenols  is  indicated  by  the 
decrease  in  volume  on  shaking  with  aqueous  solution  of  potash, 
and  also  by  the  amount  of  oil  distilling  above  220°,  which 
should  not  fall  below  25  per  cent.  Kremers  recommends 
the  following  method  of  estimating  the  thymol : — 

Five  c.c.  of  the  oil  to  be  examined  is  weighed  and  brought 
into  a  glass-stoppered  burette  graduated  to  ^  c.c,  and  is  diluted 
with  about  an  equal  volume  of  petroleum  ether ;  a  5  per  cent, 
potassium  hydroxide  solution  is  added,  and  the  mixture  shaken 
for  a  short  time,  then  the  liquid  is  left  standing  until  separa- 
tion is  complete.  Then  the  alkaline  solution  is  allowed  to 
run  into  a  100  c.c.  graduated  flask.  This  operation  is  repeated 
until  no  further  decrease  in  the  volume  of  the  oil  takes  place. 

The  alkaline  solution  of  thymol  is  made  up  to  100  or  200 
c.c.  as  the  case  may  require,  using  a  5  per  cent,  soda  solution. 
To  10  c.c.  of  this  solution  in  a  graduated  500  c.c.  flask  is 
added  a  TXo  normal  iodine  solution  in  slight  excess,  whereupon 
the  thymol  is  precipitated  as  a  dark  reddish-brown  iodine  com- 
pound. In  order  to  ascertain  whether  a  sufficient  quantity 
of  iodine  has  been  added,  a  few  drops  are  transferred  into  a 
test  tube  and  a  few  drops  of  dilute  hydrochloric  acid  are 
added.  When  enough  iodine  is  present,  the  brown  colour 
of  the  solution  indicates  the  presence  of  iodine,  otherwise 
the  liquid  appears  milky  by  the  separation  of  thymol.  If  an 
excess  of  iodine  is  present,  the  solution  is  slightly  acidified 
with  dilute  hydrochloric  acid  and  diluted  to  500  c.c.  From 
this,  100  c.c.  are  filtered  off,  and  the  excess  of  iodine  determined 
by  titration  with       normal  solution  of  sodium  thiosulphate. 
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For  calculation,  the  number  of  cubic  centimetres  required  is 
deducted  from  the  number  of  cubic  centimetres  of  r\  normal 
iodine  solution  added  and  the  resultant  figure  multiplied  by  5, 
which  gives  the  number  of  cubic  centimetres  of  iodine  required 
.  by  the  thymol. 

Every  cubic  centimetre  of  ^  normal  iodine  solution  equals 
0-003741  gramme  of  thymol.  Knowing  the  quantity  of  thymol 
in  the  alkaline  solution,  the  percentage  in  the  original  oil  is 
readily  found. 

The  reaction  taking  place  is  represented  by  the  equa- 
tion : — 

C10HuO  +  41  +  2NaOH  =  C10H12I2O  +  2NaI  +  2H20. 

In  the  estimation  of  carvacrol  a  slight  modification  of  this 
method  must  be  made,  because  carvacrol  is  thrown  down  as 
a  finely  divided  white  precipitate,  giving  the  solution  a  milky 
appearance.  In  order  to  form  a  precipitate  the  liquid  is  vigor- 
ously shaken  after  the  addition  of  the  iodine  solution,  and  is 
subsequently  filtered.  Then  the  liquid  is  acidulated  with 
hydrochloric  acid,  and  subsequently  the  same  procedure  is 
followed  as  was  described  for  thymol.  The  calculation  is  also 
the  same.  The  author,  however,  is  not  clear  as  to  what 
.allowance  is  made  for  the  absorption  of  iodine  by  the  excess 
•of  alkali,  and  doubts  the  value  of  the  process. 

Labbe  has  examined  an  authentic  sample  of  thyme  oil 
(Bull.  Soc.  Chim.,  hi.,  19,  1009)  and  found  it  to  contain  30 
per  cent,  of  thymol,  17  per  cent,  of  a  terpene  which  he  could 
not  identify,  15  per  cent,  of  menthene,  21  per  cent,  of  cymene^ 
5  per  cent,  of  linalol,  8  per  cent,  of  borneol,  and  traces  of  carva- 
crol. 

Thymus  capitatus  also  yields  an  oil  of  specific  gravity 
.about  -900,  and  closely  resembling  the  above-described  oils. 
It  contains  pinene,  cymene,  dipentene,  thymol,  carvacrol  and 
bornyl  acetate.  Its  phenol  content  is  about  6  per  cent.  A 
similar  oil  is  obtained  from  Thymus  eamphoratus.    A  some- 
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what  different  oil  is  obtained  from  a  variety  of  Thymus 
serpyllum  (citratus  or  citriodorus).  This  oil  has  an  odour 
recalling  thyme,  lemon  and  geranium.  Its  specific  gravity  is 
0-890  to  0-920  and  its  optical  rotation  -  10"  to  -  20°.  It  con- 
tains only  a  very  small  amount  of  phenols. 

The  value  of  this  oil  depends  so  much  upon  the  phenols 
it  contains  that  it  is  important  that  these  should  be  estimated, 
as  the  abstraction  of  thymol,  a  valuable  commercial  product, 
is  by  no  means  uncommon. 

Marjoram  and  Origanum  Oils. — Common  marjoram  oil 
is  the  product  of  distillation  of  the  herb  Origanum  vulgar -e, 
sweet  marjoram  oil  being  derived  from  Origanum  majorana. 
The  Cretic  origanum  oil  is  the  product  of  Origanum  hirtum 
and  Origanum  Smyrnceum.     Sweet  marjoram  oils  have  a 
specific  gravity  of  '890  to  -910,  and  are  dextro-rotary  to  the 
extent  of  +  5°  to  +  20°.    The  oil  of  Origanum  vulgare  has  a 
specific  gravity  0-870  to  0'910  and  an  optical  rotation  up  to 
-  35°.    Although  they  resemble  oil  of  thyme,  their  chemistry 
has  not  been  completely  investigated.    The  Cretian  origanum 
oil  (Spanish  hop  oil)  differs  in  a  marked  manner  from  the 
marjoram  oils.    That  from  Origanum  hirtum  has  a  specific 
gravity  of  -940  to  "980,  and  is  optically  inactive  or  only  slightly 
laevo-rotary.   That  from  Origanum  Smyrnceum  has  a  specific 
gravity  '915  to  "966,  and  is  laevo-rotary  from  0  to  -  15°.  Its 
refractive  index  is  about  1-5100.    The  former  contains  from 
60  to  85  per  cent,  of  phenols,  chiefly  carvacrol,  together  with 
some  cymene.    The  latter  has  been  examined  by  Schimmel 
&  Co.  and  found  to  contain  from  30  to  60  per  cent,  of  phenols, 
chiefly  carvacrol,  together  with  cymene,  and  one  or  more 
hydrocarbons,  probably  of  the  naphthene  series,  and  a  large 
quantity  of  linalol.    A  phenol  is  also  present  in  minute  quan- 
tity which  has  not  been  identified.    It  is  soluble  in  3  volumes 
of  70  per  cent,  alcohol.    The  ordinary  oil  of  marjoram  is  only 
worth  about  half  as  much  as  "  01.  Origani  Cretic,"  which  is 
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used  for  microscopic  purposes.  Both  are  often  adulterated 
with  turpentine. 

Biltz  (Berichte,  1899,  995)  has  recently  examined  a  sample 
of  pure  oil  of  Origanum  majorana,  which  had  a  specific 
gravity  "898,  and  a  rotation  of  +  15°  45'.  The  terpenes 
(about  40  per  cent.)  were  found  to  consist  chiefly  of  ter- 
pmene.  Terpineol  an.d  terpenyl  esters  were  also  found,  the 
latter  chiefly  existing  as  terpinyl  acetate  (6  per  cent.)! 

Schimmel  &  Co.  have  investigated  the  oil  of  Cretian 
origanum,  and  have  found  therein  cedar  camphor.  They 
are  not,  however,  prepared  to  say  that  it  was  a  natural  con- 
stituent or  whether  it  was  due  to  the  adulteration  of  the  oil 
in  question. 

Patchouli  Oil  is  distilled  from  the  dried  leaves  of  Pogos- 
temon  patchouli,  which  yields  from  2  to  4  per  cent,  of  oil. 
This  plant  is  possibly  a  native  of  China,  but  is  cultivated  to 
a  large  extent  in  the  Straits  Settlements,  Penang,  Silhet, 
Java,  Bourbon  and  Mauritius.    There  appear  to  be  several 
varieties,  and  although  one  is  usually  employed  for  the  pre- 
paration of  the  oil,  others  are  not  excluded.    According  to 
Mr.  Fisher  (the  well-known  Singapore  distiller),  the  variety 
selected  for  cultivation  is  known  locally  as  "  Dhelum  Wangi  ". 
The  green  tops  of  the  plant  are  dried  in  the  shade  in  large 
sheds  and  spread  out  on  bamboo  racks,  being  turned  over 
frequently.    It  is  important  that  they  should  not  be  sun- 
dried,  however.    About  25  per  cent,  of  the  leaves  of  the  wild 
plant  known  as  "Dhelum  outan  "  are  added,  as  it  is  said  to 
increase  the  fragrance  of  the  resulting  oil.    The  distillation 
is  carried  out  in  false-bottom  cylinders,  with  steam  at  a 
pressure  of  about  10  to  15  lb.    In  Penang  two  varieties  of 
oil  are  known,  the  green  and  the  brown.   It  has  been  suggested 
that  the  former  is  obtained  from  young,  and  the  latter  from 
old  leaves,  but  it  is  more  probable  that  the  differences  are 
due  to  the  influence  of  soil  and  climate.    Interesting  details 
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as  to  the  cultivation  of  the  plant  will  be  found  in  Sawyer's 
Odorographia  (vol.  i.,  p.  293).  Although  pure  oil  distilled 
in  the  East  is  easily  obtainable,  the  fraud  practised  in  certain 
quarters  led  to  direct  importation  of  the  leaves,  which  are 
now  distilled  in  Europe.  The  pure  oil  has  a  specific  gravity 
of  *975  to  -995,  and  an  optical  rotation  of  -  50°  to  -  68°.  The 
refractive  index  is  high,  up  to  T512.  Its  favourite  adulterants 
appear  to  be  cedar-wood  oil,  cubeb  oil,  and  occasionally 
turpentine  and  petroleum.  The  pure  oil  should  dissolve  in  an 
equal  volume  of  90  per  cent,  alcohol,  the  two  last-named 
adulterants  interfering  greatly  with  this  property. 

The  earliest  chemical  examination  of  this  oil  was  made 
by  Dr.  Gladstone  in  1864,  who  stated  that  it  contained  a 
hydrocarbon  analogous  to  that  from  oil  of  cubebs,  together 
with  a  small  quantity  of  an  intensely  blue  colouring  matter 
which  he  termed  caerulein.  Gal  and  Montgolfier  have  more 
recently  shown  that  the  oil  contains  a  solid  body,  which  they 
termed  patchouli  camphor,  and  which  Wallach  has  shown 
to  be  a  sesquiterpene  alcohol  C15H260.  This  body  is  probably 
the  oxidation  product  of  other  substances  in  the  oil,  and 
appears  to  have  little  or  no  odoriferous  value.  It  is  deposited 
when  the  oil  stands  for  long  in  a  cold  place.  When  re- 
crystallised  it  melts  at  56°.  It  is  laevo-rotary,  about  -  100°. 
Dehydration  gives  rise  to  a  hydrocarbon  CL!iH24  patchoulene. 
The  sesquiterpene  occurring  naturally  in  the  oil  has  been 
shown  to  be  cadinene. 

The  Imperial  Institute  Chemical  Department  have  reported 
on  a  sample  of  Perak  patchouli  oil. 

They  give  the  following  figures  in  comparison  with  samples 
of  ordinary  Singapore  oil  and  of  German  distilled  oil : — 

Perak.  Singapore.  German. 

Specific  gravity       .       .        0-9595  0-957-0-965  0-970-0-995 

Optical  rotation      .       .       -43°  51'  -44°  to  -50°  -50°  to -60° 

Refractive  index     .       .  1-5063     

Solubility  in  90  °/0  alcohol      1  :  7-4  vols.  1  :  3  to  7  vols.  1  :  1  vol. 
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-  42°  18' 
145° 
76% 


De  Jong  {Rev.  Trav.  chim.,  24,  309)  has  made  an  ex- 
amination of  several  varieties  of  patchouli  oil,  and  gives  the 
following  figures : — 

Java  Singapore  Java 

Plants.  Plants.  Plants. 

Specific  gravity    .       .        .       0-922  at  25°  0-949  at  25°        0-929  at  25* 

Optical  rotation                          _  16°  10'  _  58°  24' 

Initial  boiling  point    .        .              130°  230° 

Distils  between  250° -270°   .            50%  60°/ 

By  the  action  of  sulphuric  acid  on  the  oil,  the  author 
obtained  a  sesquiterpene,  C15H24,  boiling  at  260°  to  263°  at  740 
mm.  pressure.  The  sesquiterpene  from  the  Singapore  oil  has 
a  specific  gravity  0-915,  and  optical  rotation  -  1°,  whilst  that 
from  the  Java  oil  has  a  specific  gravity  0-897  and  optical 
rotation  -  1°  5'.  De  J ong  proposes  the  name  dilemene  for 
(apparently)  both  these  bodies,  but  does  not  appear  to  have 
shown  much  evidence  of  their  individuality. 

Von  Soden  and  Kojahn  (Berichte,  1904,  3353)  have  ex- 
amined samples  of  patchouli  oil  of  known  purity,  and  have 
separated  it  into  two  main  fractions  by  distillation  under  re- 
duced pressure.  The  earlier  fractions  of  specific  gravity  0'984 
to  1-002  were  found  to  consist  chiefly  of  patchouli  alcohol, 
whilst  two  other  fractions  of  specific  gravity  0-946  and  0-964 
were  found  to  consist  of  high  boiling  sesquiterpenes.  A  series 
of  refractionations  succeeded  in  separating  a  fraction  of  specific 
gravity  0-930  to  0-940  and  of  optical  rotation  -  50°,  and  one  of 
the  same  specific  gravity  but  of  rather  higher  boiling  point. 
From  the  former,  after  hydrolysis,  a  sesquiterpene  was 
obtained  in  a  state  of  purity  which  boiled  at  264°  to  265c  at  750 
mm.,  and  had  a  specific  gravity  0*9335  and  an  optical  rotation 
-  58°  45'.  This  latter  fraction  yielded  a  sesquiterpene  of 
specific  gravity  0*930,  optical  rotation  +  0°  45',  and  boiling 
point  273°  to  274°  at  760  mm. 

Simmons  has  reported  (Chemist  and  Druggist,  1904,  815) 
on  some  adulterated  patchouli  oil  in  which  he  finds  an  ester 
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or  esters  containing  oil  obviously  added  in  order  to  do  away 
with  the  necessity  of  using  the  ordinary  crude  adulterants, 
cedar-wood  and  cubeb  oils.  He  gives  the  following  figures 
for  two  samples  of  the  oil  in  question  :— 


Specific  gravity 
Rotation 

Refractive  index  . 

Acidity 

Ester  value  . 

Solubility  in  90  %  alcohol 


0-  9948  0-9937 
-  38°  30'  -  49°  30' 

1-  5175  1-5110 
trace  trace 

58  18-5 

1  in  0-75  1  in  0  5 


The  normal  ester  value  of  the  oil  is  from  4  to  13. 
Schimmel  &  Co.  have  found  present  in  this  oil  not  more 
than  3  per  cent,  of  bodies  of  any  odour  value.  They  found 
traces  of  benzaldehyde  and  eugenol,  cinnamic  aldehyde  and 
a  terpene  alcohol.  There  was  also  present  a  ketone  yielding 
a  semi-carbazone  melting  at  134°  to  135°.  Two  bases  are 
present,  possessing  powerfully  narcotic  odour.  One  of  them 
boils  at  135°  to  140°.  It  yields  a  hydrochloride  melting  at 
148°.  The  base  has  a  refractive  index  1-5428,  a  specific 
gravity  1-0148,  and  optical  rotation  -  9°  5'. 

It  is  to  be  noted  that  neither  Von  Soden  nor  Schimmel 
could  detect  cadinene  in  this  oil,  as  reported  by  Wallach. 

The  fresh  leaves  of  patchouli  have  been  distilled  and  the 
oil  examined.  This  was  found  to  have  a  specific  gravity 
•943  and  optical  rotation  -  11°  30'.  Patchouli  oil  was  once 
regarded  as  one  of  the  high-class  perfume  bases,  but  its  use 
became  a  little  unpopular,  so  that  it  is  now  more  frequently 
employed  in  lower-grade  perfumery. 

Melissa  OiZ.-This  oil,  also  known  as  balm  oil,  is  distilled 
from  the  green  herb  Melissa  officinalis.  Several  species  are 
indigenous  to  Western  Asia  and  Southern  Europe  The 
leaves  possess  an  odour  recalling  lemon  and  citronella  (the 
French  citronelle  is  this  plant),  but  the  yield  iof  oil  is  so 
small,  that  the  melissa  oil  of  commerce  is  usually  obtained 
by  distilling  lemon  or  citronella  oil,  or  a  mixture  of  both, 
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over  the  herbs.  The  genuine  oil  has  been  examined  by 
Schimmel  &  Co.,  who  state  that  it  has  a  specific  gravity  from 
•890  to  -925,  and  a  rotation  of  +  0°  30'  to  -  6°  30'.  It  contains 
citral  and  probably  citronellal.  Flatau  and  Labbe  state 
(Bull.  Soc.  Ghim.,  1898,  iii.,  636)  that  a  specimen  they  ex- 
amined contained  20  per  cent,  of  geraniol,  12  per  cent,  of 
linalol,  and  6  per  cent,  of  citronellol.  Its  use  is  entirely 
confined  to  perfumery  purposes. 

Sage  Oil  is  distilled  from  the  leaves  of  Salvia  officinalis, 
which  yield  from  1  to  3  per  cent,  of  oil.  This  is  of  a  pale 
yellow  to  greenish-yellow  colour  and  of  penetrating  odour. 
Its  specific  gravity  varies  from  -910  to  "930,  and  its  rotation 
from  +  10°  to  +  25°.  Its  refractive  index  is  about  T4620 ;  it 
is  soluble  in  2  volumes  of  80  per  cent,  alcohol.  The  known 
constituents  of  the  oil  are  the  terpene  pinene,  a  sesquiterpene, 
esters,  cineol,  borneol  and  thujone.  Muir,  working  from  1877 
to  1880  on  this  oil,  stated  that  it  contained  a  terpene  identical 
with  that  from  turpentine  (pinene),  a  sesquiterpene  which  he 
termed  sage-cedrene,  a  solid  "  camphor  "  C10H16O,  and  salviol. 
which  Semmler  has  shown  is  identical  with  thujone.  The 
oil  is  only  employed  to  a  very  limited  extent. 

According  to  Schimmel  &  Co.  the  ester  value  of  this  oil  is 
about  100.  The  author  has  found  great  difficulty  in  obtaining 
samples  of  this  character,  and  is  of  opinion  that  such  oils  are 
rare;  25  is  a  common  ester  value  for  Spanish  oils,  which 
may  possibly  be  derived  from  some  different  species. 

On  fractionating  German  oil  of  sage  H.  Seyler  obtained 
1  to  2  per  cent,  of  a  first  fraction  boiling  below  155°,  which 
could  be  separated  into  three  portions  by  repeated  distillation 
over  sodium.  The  fraction  first  passing  over,  of  the  boiling 
point  142°  to  145°  («W>  =  0-80 ;  nd  =  1-4438 ;  ad  =  +  1°  40'), 
gave  analyses  corresponding  to  C10H18.  This  hydrocarbon, 
called  "salvene,"  when  oxidised  with  potassium  permangan- 
ate, yielded  an  acid,  whose  semicarbazone  Ci0Hio02CON3H3 
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melted  at  204°,  and  which  possibly  is  identical  with  yS-tanace- 
toketonic  acid  (/3-thujaketonic  acid). 

Salvene  has  probably  the  following  constitutional  for- 
mula : — 


CH  •  CH3 

From  the  first  runnings  of  a  Spanish  oil  of  sage  no  salvene 
could  be  isolated. 

Salvia  sclarea  also  yields  an  oil  with  a  highly  aromatic 
odour,  recalling  that  of  ambergris.  It  is  known  commercially 
as  clary  oil  or  muscatel  sage.  The  oil  has  a  specific  gravity 
about  -930  and  an  optical  rotation  of  about  -  25  °.  It  probably 
contains  linalyl  acetate.  Its  refractive  index  is  about  1-477. 
Its  ester  value  is  150.    It  contains  pinene  and  cmeol. 

Savory  Oil.-The  oil  distilled  from  the  green  herb,  winter 
savory,  Satureja  montana,  has  been  examined  by  Haller,  who 
states  that  it  is  an  orange-yellow  oil  of  aromatic  taste,  some- 
what resembling  true  origanum  oil,  of  specific  gravity  -937 
He  found  in  it  from  30  to  40  per  cent,  of  carvacrol,  and  traces 
of  another  phenol.    Two  hydrocarbons  at  least  are  present 
probably  cymene  and  a  terpene.    A  sample  examined  by 
Scmminel  &  Co.  had  a  specific  gravity  -939  and  optical 
rotation  -  2°  35'.    It  was  soluble  in  4%5  volumes  of  70  per  cent 
alcohol,  and  contained  65  per  cent,  of  phenols.    The  oil  of 
the  summer  savory,  Satureja  hortensis,  does  not  differ  greatly 
from  that  of  the  winter  savory.    According  to  Schimmel,  this 
bas  a  specific  gravity  -913  to  '924,  and  contains  carvacrol  and 
cymene.    Jahns  has  examined  the  oil,  but  as  the  sample  he 
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used  had  a  specific  gravity  "898  it  is  probable  that  it  was 
adulterated  with  turpentine.  He  found  30  per  cent,  of 
carvacrol  in  the  oil,  with  traces  of  a  second  phenol,  cymene, 
and  one  or  more  terpenes.  Satureja  thymbra  also  yields  an 
oil  of  specific  gravity  '906  which  contains  pinene,  cyenene, 
dipentene  and  bornyl  acetate. 

Sweet  Basil  Oil. — This  oil  is  distilled  from  the  fresh 
herb  Ocymum  basilicum,  which,  according  to  Schimmel, 
yields  about      per  cent,  of  essential  oil.    Other  authorities, 
however,  give  as  high  a  yield  as  1^  per  cent.    The  former 
appears  to  refer  to  German  herbs,  whilst  the  latter  refers 
to  the  fine  Reunion  or  Java  distillate.    This  oil  has  a  most 
excellent  fragrance,  and  is  used  in  the  preparation  of  mignon- 
ette extract.    The  German  oil  has  a  specific  gravity  "900  to 
•930,  and  an  optical  rotation  varying  from  -  6°  to  -  20°. 
Reunion  oil,  which  may  be  distilled  from  allied  species,  has 
a  specific  gravity  0'940  to  0"990  and  an  optical  rotation  of 
+  7°  to  +  12°.    It  is  soluble  in  3  to  7  volumes  of  80  per  cent, 
alcohol.    The  old  text-books  gave  "Basil  camphor  "as  its 
known  constituent,  which  separates  in  crystals  when  the  oil  is 
kept.    Dupont  and  Guerlain  were  the  first  to  attempt  a 
thorough  examination  of  this  oil.    They  first  examined  a 
French  distillate,  and  found  in  it  methyl-chavicol  (estragol) 
and  laevo -\ina,\o\.    Schimmel  &  Co.  examined  a  Reunion  oil, 
and  found  methyl-chavicol  to  be  the  chief  constituent  of  this 
also.    As  secondary  constituents  they  found  pinene,  camphor 
and  cineol.    An  oil  grown  at  Miltitz,  however,  contained 
only  25  per  cent,  of  methyl-chavicol,  and  differed  much  in 
odour  from  the  Reunion  oil.    This  oil  contained  some  cineol, 
together  with  an  alcohol  (probably  linalol),  but  no  camphor. 
Dumas  and  Peligot  some  time  ago  stated  that  they  had  dis- 
covered a  crystalline  terpene  hydrate  in  this  oil,  but  neither 
Dupont  and  Guerlain  nor  Messrs.  Schimmel  &  Co.  have  been 
able  to  find  this.    Traces  of  a  crystalline  substance  melting  at 


SYSTEMATIC  STUDY  OF  THE  ESSENTIAL  OILS.  309 


64°  were  found  in  Eeunion  oil,  but'  in  too  small  quantity  to  be 
examined.  French  and  German  oils  are  laevo-rotary,  whilst 
the  Eeunion  distillate  is  dextro-rotary  and  has  a  somewhat 
more  camphoraceous  odour  than  European  oils.  Further,  it 
contains  no  linalol.  It  is  a  matter  of  some  doubt  whether 
the  Eeunion  plants  are  Ocymum  basilicum  or  some  other 
species. 

Several  varieties  of  the  oil  have  been  examined  in  the 
laboratories  at  Buitenzorg.  One  is  that  from  a  large-leaved 
variety  known  as  "  Selasih  Mekah  ".  The  oil  had  a  specific 
gravity  0*900  at  26°  and  an  optical  rotation  of  -  15°  to 
-  18°.  It  contained  about  30  to  40  per  cent,  of  phenols, 
of  which  eugenol  is  stated  to  be  the  principal. 

Another  variety  of  the  plant  yielded  an  oil  of  specific 
gravity  0*948  at  25°  and  containing  much  methyl-chavicol. 
This  plant  is  known  as  Selasih  hidjan. 

An  olefinic  terpene,  which  has  been  termed  ocimene, 
was  found  in  these  oils,  having  a  specific  gravity  0'794  at  22° 
and  refractive  index  1-4861.  It  boils  at  73°  to  74°  at  22  mm. 
It  absorbs  oxygen  rapidly. 

Normal  basil  oils  have  a  refractive  index  about  1-4810 
and  an  acid  value  of  about  20  and  ester  value  about  10  to  15. 

The  following  are  among  the  less  important  oils  distilled 
from  plants  of  the  natural  order  Labiatce.  Hyssop  Oil,  from 
the  herb  Hyssopus  officinalis,  used  to  a  small  extent  in 
perfumery  and  for  the  preparation  of  cordials.  Its  specific 
gravity  is  -925  to  -940,  and  optical  rotation  -  19°  to  -  23°. 
The  southern  regions  of  the  Harz  mountains  are  said  to 
yield  the  finest  material  for  distillation,  but  the  French  and 
Spanish  oils  are  much  esteemed.  Catmint  Oil,  from  the  herb 
Nepeta  cataria,  specific  gravity  about  1-040.  A  Sicilian 
nepeta  oil  examined  by  Umney  had  a  specific  gravity  0*927, 
optical  rotation  +  12°,  total  alcohols  22  per  cent.,  and  esters 
3-3  per  cent,  as  menthyl  acetate.    Bugle  Weed  Oil,  from  the 
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dried  herb  Lycopus  virginicus,  specific  gravity  *924.  Ground 
Ivy  Oil,  from  the  herb  Glechoma  hederacea,  specific  gravity 
'925.  Dittany  Oil  (American),  from  the  herb  Gunila  mari- 
ana ;  this  oil  has  a  specific  gravity  -915  and  probably  con- 
tains thymol.    The  total  phenol  content  is  about  40  per  cent. 

N.  0.  Verbenace^;. 

Verbena  Oil. — Most  of  the  commercial  verbena  oils  and 
verbena  extracts  are  in  reality  composed  of  lemon-grass  oil, 
which  has  almost  entirely  superseded  the  older  and  true 
vervain  oil.  The  genuine  oil  closely  resembles  lemon-grass 
oil  in  general  characteristics,  but  is  of  more  delicate  odour. 
It  contains  a  large  quantity  of  citral,  and  has  a  specific 
gravity  about  '900.  The  plants  yielding  this  oil  appear  to  be 
Verbena  officinalis  and  Verbena  triphylla.  But  in  Spain  a 
plant  known  as  Aloysia  citriodora  or  Lippia  citriodora  yields 
"verbena  oil".  This,  however,  is  probably  the  same  plant. 
The  exact  character  of  true  verbena  oil  is  somewhat  obscure 
on  account  of  the  almost  universal  use  of  lemon-grass  oil 
under  this  name.  Lantana  camara,  one  of  the  plants  of  this 
natural  order,  also  yields  an  essential  oil.  This  has  a  specific 
gravity  "950  to  "955,  and  is  optically  inactive  or  at  most 
slightly  laevo-rotary. 

True  verbena  oil  has  an  optical  rotation  -  8°  to  -  16°,  but 
Spanish  oil  has  sometimes  a  rotation  up  to  +  3°  and  a  specific 
gravity  0*925.  French  oil  usually  contains  about  20  to  35 
per  cent,  of  citral  as  against  13  to  20  per  cent,  in  Spanish 
oil.  Kerschbaum  has  isolated  an  aldehyde  from  the  Spanish 
oil  which  he  terms  verbenone,  C10Hi,;O.  It  has  a  specific 
gravity  0*974,  refractive  index  1*4995,  and  optical  rotation 
+  66°.  Limonene,  geraniol,  a  sesquiterpene  and  a  stearoptene 
melting  at  63°  are  present  in  the  French  oil. 

The  author  and  Bennett  have  recently  had  the  opportunity 
of  examining  a  small  sample  of  essential  oil  distilled  in  the 
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south  of  Spain  and  sent  over  to  this  country  under  the  name 
lemon  thyme.  The  oil  is  of  a  yellow  colour,  and  has  an 
odour  recalling  that  of  thyme,  but  with  a  strong  flavour  of 
lemon,  differing  in  this  respect  from  the  oil  derived  from 
Thymus  serpyllum  (wild  thyme)  described  by  Gildemeister 
and  Hoffmann.  The  latter  oil  also  differs  in  being  laevo- 
rotatory.  The  following  are  the  chief  characters  of  the 
sample  we  have  examined : — 


Specific  gravity  at  15°  C  

Optical  rotation  in  100-mm.  tube 
Aldehydes  (principally  citral)  .... 
Proportion  absorbed  by  5  per  cent,  potash  solution 
Eefractive  index  at  19°  C.  .... 
„  ,,     of  first  80  per  cent,  distilled  . 

,,     of  20  per  ceDt.  residue  . 


0-901 
+  18°  30' 
20  per  cent. 
10  per  cent. 

1-4808 

1-4779 

1-4980 


The  portion  absorbed  by  potash  solution  on  separation 
proved  to  be  somewhat  resinous,  and  gave  only  a  feeble 
phenol  reaction  with  ferric  chloride.  A  small  portion  of  the 
oil  was  fractionated  in  order  to  give  some  idea  of  its  possible 
constituents.    The  results  were  as  follows  : — 


Below  175°  C. 
Between  175°  and  180° 
180°  and  190° 
190°  and  200° 
„       200°  and  210° 
210°  and  220° 
220°  and  230° 
Above  230° 


Nothing  distilled 

10  per  cent,  was  collected 
13  „ 

11  ,, 

12  „ 
18  „ 
18  „ 

18       „  residue 


These  results  appear  to  indicate  that  pinene  is  probably 
absent  and  that  the  terpene  present  is  limonene.  The  high 
boiling  point  of  the  residual  fraction,  which  has  a  refractive 
index  of  about  1-500,  points  to  the  presence  of  a  sesquiter- 
pene. The  oil  is  not  soluble  in  70  per  cent,  alcohol  (10  vol- 
umes), but  dissolves  in  2  volumes  of  80  per  cent,  alcohol. 

It  is  suggested  by  the  distillers  that  the  plant  used  for 
distillation  is  the  true  vervain,  Lippia  citriodora,  but  this 
is  open  to  doubt,  as  vervain  oil  has  usually  a  laevo-rotation 
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and  contains  a  higher  percentage  of  citral.  Moreover,  it  is 
less  soluble.  It  is,  however,  rarely  found  in  commerce,  and 
is  liable  to  variation  according  to  the  country  of  origin  and 
method  of  distillation.  The  following  figures  have  been 
published  for  oil  of  Lippia  citriodora .- — 

Schimmel.  Umney. 

Specific  gravity        .       .           0-900        0-902  0-894 

Optical  rotation       .       .       -12°  38'     - 12°  7'  -16° 

Aldehyde  (citral)      .       .          35  %          28  %  74  % 

N.  O.  CoNVOLVULACEiE. 

Rosewood  Oil.- — Kosewood  oil  or  rhodium  oil  as  met  with 
in  commerce  is  almost,  if  not  quite,  invariably  an  artificial 
mixture  of  several  essential  oils  in  which  true  oil  of  roses 
and  oil  of  geranium  or  Indian  geranium  are  responsible  for 
the  rose  or  rose-geranium  odour.  The  true  oil  of  rhodium 
is  distilled  from  the  wood,  either  of  the  stem  or  the  root,  of 
Convolvulus  scoparius  and  Convolvulus  fioridus,  two  species 
indigenous  to  the  Canary  Islands.  It  is  a  thick,  viscid,  pale 
yellow  oil,  darkening  on  keeping.  It  has  an  agreeable  rose- 
like odour  and  sharp  aromatic  taste.  Its  specific  gravity 
varies  from  about  "900  to  '910.  It  is  laevo-rotary  about  -  15°. 
According  to  Gladstone,  it  contains  80  per  cent,  of  a  terpene ; 
but  the  authenticity  of  the  sample  examined  by  this  chemist 
is  not  guaranteed.  It  is  more  probable  that  a  large  quantity 
of  sesquiterpene  is  present.  According  to  Schimmel  &  Co., 
the  oil  solidifies  at  low  temperatures  to  a  mass  of  acicular 
crystals  melting  at  11°  to  12°.  The  oil  is  chiefly  used  in  soap 
perfumery.  The  Bois  de  rose  femelle  is  the  wood  of  the 
so-called  Brazilian  lign-aloe,  and  yields  the  corresponding 
hnaloe  oil.  It  is  one  of  the  Burserace<v,  and  has  no  con- 
nection with  the  above-described  rosewood. 

N.  O.  Jasmines. 
Jasmin  Oil. — The  perfume  of  the  jasmin  is  one  of  those 
which  is  usually  obtained  by  the  process  of  enfleurage,  such 
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as  are  those  of  the  tuberose,  jonquil,  hyacinth,  etc.  By  direct 
distillation  so  minute  a  yield  of  essential  oil  is  obtained  from 
these  plants,  that  the  perfumes  are  only  known  in  the  form 
of  pomades  or  extracts.  The  pomade  of  jasmin  flowers, 
however,  yields  to  suitable  solvents,  acetone  for  example, 
sufficient  of  the  essential  oil  for  thorough  examination.  The 
species  of  this  plant  are  very  numerous,  but  that  chiefly  used 
for  the  preparation  of  the  pomade  in  the  south  of  France  is 
Jasminum  grandiflorum,  the  shoots  of  which  are  usually 
grafted  on  the  stems  of  the  Jasminum  officinale,  which  are 
themselves  reared  from  cuttings.  Quite  recently  some  great 
differences  of  opinion  have  been  expressed  as  to  the  composi- 
tion of  this  oil.  Verley  {Comptes  Rendus,  30th  Jan.,  1899)  ex- 
tracted the  pomade  with  acetone  and  obtained,  after  evapora- 
tion of  this  solvent  in  vacuo,  40  grammes  of  oil,  which  on 
distillation  in  vacuo  left  40  per  cent,  of  resin  and  yielded  60 
per  cent,  of  essential  oil.  Verley  concluded  that  the  oil  was 
approximately  composed  of  10  per  cent,  of  linalol  and  90  per 
cent,  of  phenyl-glycol-methylene-acetal  (C9H10O2),  which  he 
termed  jasmal.  These  researches  led  to  the  granting  of  a 
French  patent  for  the  production  of  this  body  synthetically, 
as  an  artificial  jasmin  oil.  The  specification  states  that  50 
grammes  of  phenol-glycol,  30  grammes  of  sulphuric  acid, 
diluted  with  125  grammes  of  water,  and  100  grammes  of 
formic  aldehyde  are  to  be  heated  on  a  water  bath.  The 
resulting  body  when  purified  boils  at  218°,  and  is  said  to  have 
a  strong  jasmin  odour.  On  the  other  hand,  Hesse  and  Miiller, 
who  have  examined  a  very  large  number  of  samples  of  this 
oil,  state  that  they  have  most  carefully  examined  the  oil  and 
assert  that  there  is  not  a  trace  of  this  body  present,  but  that 
the  main  constituent  is  benzyl  acetate.  The  following  are 
the  figures  they  give  for  ten  samples  of  oil  prepared  by  them- 
selves from  the  pomade  : — 
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Esters — 
calculated  as 


No. 


Yield 
per  cent. 


Specific 
Gravity. 


Rotation. 


Linalyl 
acetate. 


Benzyl 
acetate. 


1 

2 
3 
4 
5 
8 
7 
8 
9 
10 


•427 
•457 

•429 
•473 
•409 
•395 
•595 
'490 
•526 
480 


Per  cent. 


Per  cent. 


1-015 
1-018 
1-011 
1-009 
1-006 
1-007 
1-014 
1-012 
1-009 
1-015 


+  2°  30' 
+  2°  30' 
+  2°  30' 
+  3°  30' 
+  3°  15' 
+  3°  10' 
+  3°  20' 
+  3°  10' 
+  3°  30' 
+  3°  20' 


95-4 

91-  5 
95-0 

92-  0 
90-3 
90-9 

92-  8 

94-  1 

95-  4 

93-  3 


73-0 
70-0 
72-9 
70-4 

69-  1 

70-  7 
71  0 

72-  0 

73-  0 

71-  4 


They  have  made  a  very  careful  and  exhaustive  examination 
of  the  oil,  and  have  studied  quantitative  methods  for  estimat- 
ing its  components,  which  led  them  to  the  conclusion 
that  the  average  composition  of  the  oil  is  as  follows: — 


(The  work  of  these  chemists,  which  is  certainly  the  most 
valuable  contribution  to  the  chemistry  of  this  oil,  may  be 
found  in  full  in  the  Berichte,  1899,  pp.  565  and  765.) 

Schimmel  &  Co.  could  find  no  jasmal  in  the  oil,  and  more 
recently  Hesse  has  found  small  quantities  of  indol,  methyl 
anthranilate  and  a  ketone  which  he  terms  jasmone,  a  sweet- 
smelling  oil  of  specific  gravity  0'945  and  boiling  at  257°  to  258°. 

There  is  another  compound  which  can  easily  be  pre- 
pared artificially  which  has  a  distinct  jasmin  odour.  The 
styrolene  compounds  are,  as  a  group,  remarkable  in  that 
they  often  possess  floral  odours.  Thus,  the  alpha-suhsti- 
tution  products  of  styrolene  CoHj .  CH  :  CHo,  such  as  brorn- 


Per  cent. 


Benzyl  acetate 
Linalyl  acetate 
Benzyl  alcohol 
Linalol 


65 
7-5 
6 
16 
5'5 


Other  odorous  bodies 
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styrolene  C6H5 .  CH  :  CHBr,  have  usually  a  distinct  hyacinth- 
like odour.  Styrolene  alcohol  C6H5 .  CH(OH)CH2OH  is 
identical  with  phenyl-glycol,  the  basis  of  the  above-mentioned 
French  patent ;  whilst  secondary  styrolyl  acetate  C6H5 . 
CH(0  .  CO  .  CH3)CH3  has  itself  a  marked  odour  of  jasmin. 
This  body  can  be  prepared  by  the  action  of  bromine  on 
boiling  ethyl-benzene.  The  resulting  bromide  is  heated 
with  silver  acetate  and  glacial  acetic  acid,  yielding  styrolyl 
acetate. 

Artificial  oil  of  jasmin  compounded  on  the  lines  of  the 
above-mentioned  facts  is  now  a  regular  article  of  commerce. 
It  closely  resembles  the  natural  perfume,  except  that  it  is  less 
delicate,  and  is  well  adapted  for  high-class  toilet  perfumery. 

N.  0.  Eeicace^e. 

Oil  of  Wintergreen. — This  oil  is  one  of  those  which  is 
so  closely  imitated  by  other  oils  (vide  Oil  of  Verbena)  that 
the  commercial  article  is  very  seldom  the  true  oil  at  all. 
Genuine  wintergreen  oil  is  the  product  of  distillation  of  the 
leaves  of  Gaultheria procumbens ;  "  commercial  "  wintergreen 
oil  is  almost  invariably  the  product  of  distillation  of  the  bark 
of  Betula  lenta,  one  of  the  BetulacecB  (q.v.);  or  an  artificial 
synthetic  oil,  methyl  salicylate.  Gaultheria  procumbens  is 
a  plant  of  North  America,  known  as  the  tea  berry  or  partridge 
berry.  The  leaves  are  gathered  and  distilled  in  primitive 
apparatus,  either  ordinary  whisky  stills,  or  stills  composed 
of  wooden  tubs  with  copper  bottoms.  The  resulting  oil,  which 
is  yielded  to  the  extent  of  "5  to  1  per  cent.,  has  a  specific 
gravity  1180  to  1-187,  and  is  faintly  laevo-rotary  (under 
-  1°).  It  distils  between  218°  to  221°.  Its  refractive  index 
is  about  1-5350.  The  bark  of  Betula  lenta,  the  sweet  birch, 
yields  about  the  same  quantity  of  an  oil  of  so  exactly  similar 
nature  that  it  is  now  sold  as  oil  of  wintergreen  to  the  almost 
entire  exclusion  of  the  true  Gaultheria  oil.    In  this  plant  the 
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oil  is  the  product  of  decomposition  of  the  glucoside  gaultherine. 
The  only  physical  difference  is  that  it  is  quite  inactive 
optically,  both  oils  being  almost  pure  methyl  salicylate 
C6H4 .  OH  .  CO0CH3.  Cahours  (Liebig's  Annalen,  lii.,  p.  331) 
was  the  earliest  reliable  investigator  of  wintergreen  oil,  but 
his  work  has  been  shown  to  be  only  partially  correct.  Accord- 
ing to  him  the  oil  consisted  of  about  90  per  cent,  of  methyl 
salicylate  and  10  per  cent,  of  a  terpene,  which  he  named 
gaultheriline.  Probably  he  examined  an  adulterated  oil. 
Trimble  and  Schroeter  (Amer.  Ghem.  Jour.,  1889,  p.  398)  stated 
that  both  oil  of  wintergreen  and  oil  of  birch  contained  traces 
of  benzoic  acid  and  ethyl  alcohol,  together  with  under  0'5 
per  cent,  of  a  hydrocarbon  (different  in  the  two  oils).  Power 
and  Kleber,  however,  have  examined  a  very  large  number  of 
samples,  and  give  as  the  result  of  their  work  the  following 
summary : — 

"  Oil  of  Gaultheria. — Contains  about  99  per  cent,  of  methyl 
salicylate,  together  with  a  small  amount  of  a  paraffin,  probably 
triacontane  C30H62,  an  aldehyde  or  ketone,  an  apparently 
secondary  alcohol  CsHieO,  and  an  ester  014H24O2.  To  the 
latter  body  is  possibly  due  the  optical  activity  of  the  oil, 
whereas  in  the  oil  of  birch  it  may  be  assumed  that  this  body 
has  suffered  inversion  through  the  process  of  fermentation 
by  which  the  latter  oil  is  formed. 

"A  pure  fresh  oil  of  gaultheria  should  show  an  optical 
rotation  of  not  less  than  -  0°  25'  in  a  tube  of  100  mm. 

"  Oil  of  Sweet  Birch. — This  oil  consists  to  the  extent  of 
about  99-8  per  cent,  of  methyl  salicylate,  and,  in  its  un- 
rectified  state,  contains  also  a  very  small  amount  of  the 
above-mentioned  paraffin  C30Ho2,  and  the  ester  C14Ho4Oo, 
but  does  not  contain  the  alcohol  C8H1G0  which  is  found  in 
gaultheria  oil. 

"  The  oil  of  sweet  birch  is  always  optically  inactive. 

"  Both  of  these  oils  have  a  specific  gravity  ranging  usually 
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Irom  1180  to  1187  at  15°  C.  Both  of  them,  as  well  as 
the  synthetic  methyl  salicylate,  form  a  perfectly  clear  solu- 
tion with  five  (5)  times  their  volume  of  70  per  cent,  alcohol 
at  about  20°  C,  which,  in  connection  with  other  distinc- 
tive characters,  is  an  excellent  practical  test  for  their 
purity. 

"  Neither  the  oil  of  gaultheria  nor  the  oil  of  sweet  birch 
contains  any  trace  of  benzoic  acid  or  its  esters,  nor  do  either 
of  them  contain  any  terpene  or  sesquiterpene." 

The  above  facts  easily  explain  the  appearance  on  the 
market  of  artificial  methyl  salicylate,  which  is  easily  prepared 
by  a  condensation  of  methyl  alcohol  and  salicylic  acid.  It 
has  been  objected  that  the  odour  of  the  artificial  oil  is  not 
so  fragrant  as  that  of  the  natural  oil,  but  so  long  as  the 
salicylic  acid  used  in  its  manufacture  is  pure,  no  exception 
can  be  taken  to  it.    As  the  synthetic  oil  is  worth  less  than  half 
the  value  of  the  natural  product  of  Betula  lenta,  and  mixtures 
of  the  two  are  impossible  to  detect,  it  is  easy  to  understand 
how  the  producing  districts  in  America  started  importing 
the  artificial  oil,  which  returns  to  commerce  as  natural  oil. 
The  purchase  of  this  oil,  so  far  as  its  origin  is  concerned, 
must  therefore  be  largely  a  matter  of  trust  in  the  seller. 
With  the  exception  of  the  fact  that  the  true  oil  of  Gaultheria 
is  faintly  laevo-rotary  whilst  the  oil  of  Betula  and  the 
synthetic  oil  are  optically  inactive,  the  limits  as  regards 
physical  and  chemical  characters  are  identical  for  the  three 
oils.    The  specific  gravity  should  never  vary  outside  the  limits 
1180  to  1187.    The  oil  should  give  a  clear  solution  with  five 
times  its  volume  of  70  per  cent,  alcohol.    On  saponification 
with  alcoholic  solution  of  potash,  the  oil  should  give  a  result 
equivalent  to  at  least  98  per  cent,  of  methyl  salicylate.  The 
salicylic  acid  resulting  from  the  addition  of  acid  to  the 
saponification  product,  after  a  single  recrystallisation  from 
alcohol,   should  melt  at  155°  to  157°.    This  will  guard 
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against  the  use  of  impure  salicylic  acid  in  the  preparation 
of  the  artificial  oil. 

This  oil  is  sometimes  adulterated  with  petroleum  or  light 
camphor  oils,  both  quite  easy  of  detection ;  also  with  sassafras 
oil,  which,  in  spite  of  its  high  specific  gravity,  is  easily  detected 
by  its  lowering  the  saponification  number,  and  its  character- 
istic odour  remaining  after  the  wintergreen  odour  has  been 
destroyed  by  saponification.  The  oil  is  used  to  a  certain 
extent  in  pharmacy,  either  as  a  drug  or  to  cover  the  nauseous 
taste  of  other  drugs,  but  more  extensively  as  a  flavouring  in 
the  manufacture  of  such  confections  as  the  American  chewing 
gums.  Methyl  salicylate  has  been  detected  in  the  following 
amongst  other  plants  : — 

Tear  of 

Betdlacb^!.  Discoverer.  Discovery. 

Bekila  lenta  L  Wm.  Procter,  jr.    .  1844 

Betula  lutea  Mich,  probably,  but  not 
yet  determined. 

Laubace^;. 

Lindera  Benzoin  Meissner       .       .       .       Sehimmel  &  Go.    .  1885 
Rosacea. 

Spircea  ulmaria  L  Schneegans  &  Gerock  1892 

Ebythhoxylace^e. 

Erythroxylon  coca  Lam  "\ 

Erythroxylon  bolivianum  (?)  .       .    JV*    °m  ur^ 1  ' 

POLYGALACE^E. 

Polygala  senega  L  Langbeck      .      .  1881 

Polygala  senega  var.  latif.  Torr.  and' Gray  L.  Reuter  .  .  1889 
Polygala  baldwinii  Nuttall  ...  J.  Maisch  .  .  1890 
Polygala  variab.  H.  B.  K.  albifl.  D.  C.     .  \ 

Polygala  javana  D.  C  U.  Romburgk  .       .  1894 

Polygala  ole'ifera  Heckel  .       .  .  J 

Polygala  serpyllacea  Weihe      .       .       .  ^ 
(depressa  Warden).  I 
Polygala  calcarea  P.  Schultz    .       .       .     hBour1uelot     .       .  1894 

Polygala  vulgaris  L  J 

Pybolace.®. 

Hypopitys  multi flora  Scop.       .       .       .       Bourquelot    .       .  1894 
(Monotropa  Hypop.  L.). 
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Year  of 

Ternstrcemiace^;.  Discoverer.  Discovery. 

Thea  chinensis  Schimmel  &  Co.    .  1897 

Ericace^;. 

Andromeda  Leschenaultii ....       Broughton     .  .   


Oaultlieria  procumbens  L.  . 
Gaultheria  fragrantissima  Wall 
{Oaultlieria  punctata  Blume 
Gaultheria  Leschenaultii,  D.  C.) 
Gaultheria  leucocarpa  Blume  . 


Cahours .  .  .  1843 
Broughton     .       .  1867 

j-Koehler  .       .       .  1879 


Numerous  other  plants  are  mentioned  in  Schimmel's 
Report,  1900  (April). 

The  author  has  also  detected  traces  of  it  in  some  plants 
of  the  natural  order  Violacece. 

Marsh  Tea  Oil.— Ledum  palustre,  a  plant  of  this  natural 
order,  yields  from  \  to  1  per  cent,  of  an  essential  oil.  The 
plant  is  one  nourishing  in  marshy  places  in  the  northern  parts 
of  North  America,  Asia  and  Europe.  The  leaves  and  flower- 
ing twigs  are  used  for  distillation,  and  the  oil  obtained  is  of  a 
reddish-yellow  colour  and  sharp  taste  and  odour.  The  oil 
appears  to  consist  almost  entirely  of  a  sesquiterpene  alcohol 
Ci5H260,  which  has  been  termed  ledum  camphor,  and  a  sesqui- 
terpene possibly  identical  with  that  obtained  by  treating  the 
camphor  with  dehydrating  agents,  and  which  has  been  named 
ledene.  Ledum  camphor  forms  long  white  needles,  melting 
at  104°  and  boiling  at  282°,  and  is  feebly  dextro-rotary.  The 
oil  possesses  strongly  narcotic  properties,  and  is  said  to  be 
occasionally  illicitly  added  to  beer  to  render  it  more  intoxicat- 
ing. This,  however,  is  very  doubtful.  The  oil  from  the 
leaves  has  a  specific  gravity  of  "925  to  "935,  and  that  from 
the  flowering  twigs  about  "960. 

N.  0.  VALERIANE2E. 

Valerian  Oil.— The  ordinary  oil  of  valerian  is  obtained 
by  the  distillation  of  the  root  of  Valeriana  officinalis.  The 
Dutch  and  Thuringian  herb  was  mostly  used  on  the  con- 
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tinent  for  distillation  until  the  recent  introduction  of  the 
Japanese  root  (from  the  variety  angustifolia),  which  yields 
from  6  to  7  per  cent,  of  oil  as  against  1  per  cent,  for  the 
European  root.  The  oils  from  the  two  varieties  are  quite 
similar,  and  may  be  used  indiscriminately.  That  from  the 
European  plants  has  a  specific  gravity  of  "930  to  -960,  and 
an  optical  rotation  of  -  8°  to  -  15°,  whilst  that  from  the 
Japanese  variety  (known  also  as  Kesso  oil)  has  a  specific 
gravity  '985  to  '995,  and  is  laevo-rotary  to  about  the  same 
extent  as  the  European  oil.  The  acid  value  is  20  to  50  and 
the  ester  value  80  to  100.    Its  refractive  index  is  1-4850. 

Pierlot  investigated  this  oil  some  years  ago,  but  his  re- 
salts  cannot  be  accepted  in  the  light  of  our  present  know- 
ledge of  essential  oils.  Oliviero  has  carefully  examined  some 
European  oils  which  had  abnormally  low  specific  gravities — 
'875  to  "900,  and  isolated  the  terpenes  pinene,  canrphene  and 
limonene  ;  bor'neol  and  its  formic,  acetic  and  iso-valerianic 
esters,  terpineol,  and  probably  a  sesquiterpene,  a  sesquiter- 
pene alcohol  C15H2(iO,  and  a  crystalline  bivalent  alcohol  of 
the  formula  C10H20O2,  melting  at  132°.  Bertram  and  Guilde- 
meister  have  examined  the  Kesso  oil  and  found  in  it  the 
terpenes  pinene,  camphene  and  dipentene,  terpineol,  borneol, 
bornyl  acetate  and  bornyl  iso-valerianate,  a  sesquiterpene,  a 
blue  oil  not  identified,  and  kessyl  acetate  C14H230  .  C02CH3. 
This  body  is  the  acetic  ester  of  kessyl  alcohol  C14H2402,  a 
liquid  boiling  at  300°,  whose  chemical  relationships  are  not 
yet  established. 

Valerian  oil  is  employed  to  a  considerable  extent  on  the 
continent  as  a  popular  remedy  for  cholera,  in  the  form  of 
cholera  drops,  and  also  to  a  certain  extent  in  soap  perfumery. 

Valeriana  Geltica,  a  native  of  the  Swiss  Alps  and  the 
Tyrol,  yields  an  essential  oil  with  an  odour  recalling  patchouli 
and  chamomiles.  Its  specific  gravity  is  -960  to  '970.  The 
yield  is  about  1  per  cent.    Messrs.  Schimmel  &  Co.  distilled 


SYSTEMATIC  STUDY  OF  THE  ESSENTIAL  OILS.  321 


a  parcel  of  Mexican  root  which  was  probably  Valeriana 
Mexicana,  known  locally  as  cuittapatti.  The  oil  had  a 
disagreeable  odour  of  valerianic  acid;  its  specific  gravity 
was  "949,  and  it  was  optically  inactive.  It  appears  to  consist 
almost  entirely  of  hydrated  valerianic  acid. 

Oil  of  Spikenard.— This  oil,  which  is  the  true  spikenard 
or  Indian  spikenard,  has  been  described  as  being  obtained 
from  various  plants,  but  there  now  appears  to  be  no  doubt 
that  it  is  obtained  from  Nardostachys  Jatamansi,  a  plant 
flourishing  in  the  Alpine  Himalayas  and  district.  Kemp 
distilled  56  lb.  of  the  root  and  obtained  3  oz.  of  oil,  whilst 
another  parcel  of  100  lb.  yielded  15  oz.  It  is  a  pale  yellow 
oil  of  specific  gravity  '975,  and  optical  rotation  about  -  20°. 
Although  its  odour  may  be  considered  disagreeable  by  many, 
it  is  highly  esteemed  in  the  East  as  a  perfume.  Its  use  is 
practically  replaced  in  Western  countries  by  that  of  oil  of 
valerian. 

N.  0.  Composite. 

This  extensive  natural  order  yields  a  large  number  of 
essential  oils,  but  the  majority  are  of  small  commercial 
importance. 

Chamomile  Oil— There  are  two  varieties  of  this  oil,  the 
Eoman  chamomile  oil,  distilled  from  the  flowers  of  Anthemis 
nobilis,  a  plant  indigenous  to  the  southern  and  western  parts 
of  Europe,  and  cultivated  in  Germany,  Great  Britain,  France 
and  Belgium ;  and  the  German  chamomile  oil  distilled  from 
the  flowers  of  Matricaria  chamomilla. 

Eoman  chamomile  oil,  which  is  the  oil  official  in  the 
British  Pharmacoposia,  is  obtained  to  the  extent  of  1  per 
cent,  from  the  recently  dried  flowers.  When  first  distilled 
it  is  of  a  blue  colour,  but  usually  turns  to  a  greenish  or 
greenish-yellow  colour  on  keeping.  It  has  a  characteristic 
flavour  and  odour,  but  not  of  the  nature  to  justify  its  use 
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in  perfumery.  Its  specific  gravity  varies  from  "905  to  "915. 
Its  optical  rotation  is  +1°  to  +  3°.  It  is  chiefly  composed  of 
esters  of  angelic  and  tiglic  acids,  two  isomeric  acids  of 
the  formula  C5H802.  The  following  esters  have  been 
identified :  isobutyl  isobutyrate,  isobutyl  angelate,  amyl 
angelate,  amyl  tiglate,  hexyl  angelate,  hexyl  tiglate, 
and  possibly  esters  of  an  alcohol  anthemol,  C10H16OH. 
Traces  of  the  free .  alcohols  and  acids,  probably  due  to 
decomposition  of  the  esters  during  distillation,  also  exist. 
Naudin  (Bull.  Soc.  Chim.,  xli.,  p.  483)  obtained  from  the 
flowers,  by  extraction  with  light  petroleum,  two  crystalline 
substances  not  included  in  the  above  list.  One  of  these  he 
terms  anthemene,  and  considers  it  to  be  a  hydrocarbon  C1SH36 
of  the  ethylene  series.  It  forms  microscopic  needles  melting 
at  63*. 

German  chamomile  oil  from  Matricaria  chamomilla  has 
a  specific  gravity  '930  to  "940.  Its  colour  is  intensely  blue, 
often  turning  greenish-blue  on  keeping.  It  is  a  thick  fluid 
becoming  semi-solid  on  cooling,  commencing  to  thicken  at 
about  14°  and  congealing  at  1°.  It  is  freely  soluble  in  90 
per  cent,  alcohol.  According  to  older  researches,  which  are 
not  reliable,  the  oil  consists  of  chamomillol  C10H16O,  a  terpene, 
and  trichamomillol  C30H48O3  (the  blue  portion  of  the  oil).  As 
a  matter  of  fact  the  only  constituents  whose  identity  have 
been  definitely  proved  are  esters  of  caproic  acid,  with  traces 
of  their  decomposition  products,  together  with  a  solid  hydro- 
carbon or  mixture  of  hydrocarbons,  which  is  probably  re- 
sponsible for  the  solidification  of  the  oil  at  low  temperatures. 
This  body  (or  mixture)  melts  at  53°  to  54°,  and  when  perfectly 
pure  is  quite  white.  Messrs.  Schimmel  &  Co.  consider  it  to 
be  a  hydrocarbon  or  hydrocarbons  of  the  paraffin  series. 
Possibly  it  contains  the  bodies  previously  isolated  from 
Eoman  chamomile  oil  by  Naudin  (vide  supra).  The  exact 
nature  of  the  blue  constituent  of  the  oil  is  not  known. 
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Probably  it  is  identical  with  that  existing  in  wormwood 
oil. 

Halusel  has  recently  shown  that  free  nonylic  acid  exists 
in  small  quantity  in  the  oil.    A  small  amount  of  stearoptene  . 
melting  at  24°  and  consisting  of  a  number  of  bodies  in  which 
esters  and  alcohols  are  present  were  also  isolated. 

Chamomile  oil  is  often  adulterated  with  cedar  and  tur- 
pentine oils,  sometimes  with  copaiba  oil,  and,  according  to 
some  authorities,  with  milfoil  oil.  Some  of  the  commercial 
oil  is  merely  turpentine  or  lemon  oil  or  a  mixture  of  these 
oils,  distilled  over  chamomiles.  This  reprehensible  custom 
of  selling  low-priced  rubbish  under  unjustifiable  names  is 
countenanced  by  even  some  reputable  firms,  who  offer  in  their 
price  lists  "  chamomile  oil "  and  "chamomile  oil  with  lemon,'1 
the  latter  at  about  one-fifth  of  the  price  of  the  former. 

Feverfew  Oil— The  common  feverfew,  Pyrethrum  par- 
thenium  (Matricaria  parthenium) ,  yields  a  small  amount 
of  essential  oil  of  strong,  characteristic  odour.    The  green  ' 
flowering  herb  yields  about  -07  to  -4  per  cent,  of  an  oil  of 
specific  gravity  -900  to  -960.    The  dried  herb  yields  rather 
less  oil  than  the  fresh  plant.    Chantard  investigated  this  oil 
and  stated  that  it  contained  a  terpene  and  an  oxygenated  body 
resembling  camphor.    In  all  probability  this  oxygenated  body 
is  a  mixture  of  camphor  and  borneol.    Schimmel  &  Co.  ob- 
tained -068  per  cent,  of  oil  from  the  herbs,  which  had  a  specific 
gravity  '960.    Even  at  the  ordinary  temperature  it  contained 
a  considerable  number  of  hexagonal  crystals,  which  appear 
to  be  borneol.    Bornyl  esters  are  also  present,  but  no  cam- 
phor could  be  detected. 

Wormwood  Oil.— This  oil  is  distilled  from  the  green 
herb  Artemisia  absinthium,  a  plant  indigenous  to  the  hilly 
and  mountainous  regions  of  Northern  Africa,  Europe  and 
the  north  of  Asia,  and  cultivated  to  a  considerable  extent  in 
North  America.    The  yield  varies  from  -2  to  -9  per  cent. 
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The  oil  is  of  a  greenish  or  greenish-blue  colour,  and  of 
characteristic  odour  and  taste.  It  is  frequently  known  as 
oil  of  absinthe.  The  pure  oil  has  a  specific  gravity  '925  to 
"955.  Its  refractive  index  is  T4600  to  1"4700.  It  contains  a 
considerable  proportion  of  the  ketone  thujone.  Schimmel  & 
Co.  have  investigated  it,  and  find  a  very  small  quantity  of 
phellandrene  and  cadinene  and  the  merest  traces  of  pinene 
present.  In  addition  to  these  bodies,  the  oil  contains  free 
thujyl  alcohol  and  its  acetic,  isolvaleric,  and  palmitic  esters. 
A  pure  sample  examined  by  means  of  the  acetylation  and 
saponification  methods  gave  results  equivalent  to  14  per  cent, 
of  thujyl  alcohol  and  15  per  cent,  of  thujyl  acetate.  The  oil 
is  frequently  adulterated,  the  favourite  adulterant  being  tur- 
pentine. This  is  best  detected  (Schimmel)  by  distilling  10 
per  cent,  from  the  oil.  This  fraction  should  dissolve  to  a 
clear  solution  in  twice  its  volume  of  80  per  cent,  alcohol. 
The  presence  of  even  a  very  small  amount  of  turpentine 
upsets  this  test.  Wormwood  oil  has  a  tonic  and  stimulating 
effect  on  the  digestive  organs,  and  is  sometimes  also  used 
externally.  It  is  a  constituent  of  the  well-known  liqueur, 
absinthe. 

Wormseed  Oil. — Ordinary  wormseed  oil  (Oleum  cince)  is 
the  product  of  distillation  of  the  unexpanded  flower  buds 
of  Artemisia  maritima,  although  other  species  probably 
contribute  to  the  commercial  oil.  ("American  wormseed" 
oil  is  the  product  of  one  of  the  Ghenopodiaeece,  q.v.)  The 
plant  is  indigenous  to  the  Orient  and  Southern  Eussia,  Levant 
wormseed  (as  the  buds  are  termed)  being  the  most  highly 
valued.  The  principal  constituent  of  wormseed  is  the  well- 
known  drug  santonin,  the  well-known  anthelmintic.  The 
greater  part,  if  not  the  whole,  of  the  oil  found  in  commerce 
is  obtained  from  the  santonin  factories,  and  is  said  to  differ 
slightly  from  the  oil  distilled  from  the  seeds  without  extracting 
the  santonin ;  this,  however,  is  very  doubtful.    The  yield  of 
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oil  is  about  2  per  cent.  It  is  a  thick  yellow  to  brownish  oil 
of  specific  gravity  "915  to  -940.  It  is  slightly  laevo-rotary,  and 
is  easily  rendered  colourless  by  rectification.  This  oil  has 
been  the  subject  of  numerous  researches,  the  results  obtained 
being  extr  mely  variable,  no  doubt  due  to  difference  in  the 
species  of  Artemisia  used,  or  to  the  employment  of  adulterated 
oil.  Volckel  (Annalen,  lxxxvii.,  p.  312)  stated  that  it  was 
a  mixture  of  bodies  to  which  he  assigned  the  names  cinsebene 
and  cinasbene  camphor,  without  giving  any  very  definite 
evidence  of  their  purity.  Kraut  and  Wahlfors  (Annalen, 
cxxviii.,  p.  293)  found  the  chief  constituent  of  the  oil  to  be  a 
substance  of  the  formula  C10H18O.  This  body  is  clearly  cineol, 
which  is  definitely  settled  as  the  principal  constituent  of  the 
oil.  Faust  and  Homeyer  (Jour.  Ghem.  Soc,  1875,  p.  371) 
assigned  to  the  principal  constituent  the  formula  C10H16O. 
Hell  and  Stiircke  (Berichte,  xvii.,  p.  1970),  using  the  oil  from 
Artemisia  vahliana,  one  of  the  species  contributing  to  the 
Levant  wormseed,  confirmed  the  presence  of  cineol  C10H18O. 
The  presence  of  cineol  was  again  confirmed  by  Wallach  and 
Brass  (Annalen,  ccxxv.,  p.  291),  who  also  obtained  a  terpene 
from  the  oil,  which  is  probably  dipentene.  Another  oxygenated 
body  is  also  present,  which  may  be  a  compound  containing 
propionic  acid,  but  it  has  not  yet  been  isolated. 

Artemisia  Barrelieri  yields  an  essential  oil  of  specific 
gravity  about  -920  which  contains  thujone.  Artemisia 
glaciaUs,  the  "mountain  wormwood,"  known  commercially 
as  "G-enepi  des  Alpes,"  yields  under  |  per  cent,  of  an  oil 
of  specific  gravity  -964  to  -970,  which  solidifies  to  a  buttery 
consistency  at  0°.  It  has  been  suggested  as  a  suitable  in- 
gredient for  making  liqueurs  to  imitate  the  famous  Bene- 
dictine and  Chartreuse. 

Artemisia  oil  from  Artemisia  alba  is  an  oil  of  specific 
gravity  0-9456  ;  optical  rotation  -  15°  30' ;  refractive  index, 
1-4727  ;  and  containing  30  per  cent,  of  esters  and  25  per  cent' 
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of  alcohols.  It  is  soluble  in  3  parts  of  70  per  cent,  alcohol 
and  contains  laevo-camphene,  cineol,  camphor  and  esters  of 
an  unknown  alcohol.    The  esters  contain  some  caprylic  acid. 

Kremers  has  also  examined  the  following  Artemisia 
oils : — 

1.  Artemisia  frigida  Willd.,  submitted  in  the  fresh  state 
to  distillation  with  steam,  yielded  0*41  per  cent,  of  a  greenish 
oil  with  a  cineol-like  odour ;  d22o  0927' ;  aa  -  24°  48' ;  acid 
number,  1*2  ;  ester  number,  31*8  ;  saponification  number,  33'0. 
The  dried  herb  gave  on  distillation  a  yield  of  only  O07  per 
cent,  oil  of  a  darker  colour ;  d22P  0'930  ;  acid  number,  4'7  ;  ester 
number,  40  ;  saponification  number,  44*7.  From  the  distilla- 
tion-water of  this  second  distillation,  an  oil  could  still  be 
obtained  with  petroleum  ether,  which  was  also  darker  than 
the  oil  from  the  fresh  herb.  Eabak  states  for  the  extracted 
oil  d22o  0'916  ;  acid  number,  5'3  ;  ester  number,  25  ;  saponifica- 
tion number,  30'3. 

2.  From  the  fresh  herb  of  Artemisia  leudoviciana  Nutt. 
was  obtained  0'38  per  cent,  greenish-yellow  oil  with  a  strong 
aromatic  odour ;  d22P  0-929 ;  aa  -  16°  14' ;  acid  number,  4 ; 
ester  number,  10  ;  saponification  number,  14. 

3.  The  fresh  herb  of  Artemisia  caudata  Michx.  yielded 
0-24  per  cent,  yellow  oil  with  a  sweetish  odour,  which  points 
to  the  presence  of  methyl  chavicol  or  anethol ;  d22o  0'920  ; 
ad  -  12°  30' ;  acid  number,  0  ;  ester  number,  17 "0. 

Artemisia  vulgaris  yields  the,  so-called  mugwort  oil,  a 
liquid  of  specific  gravity  '905  to  '910,  containing  cineol. 
Artemisia  abrotanum  is  the  southernwood  or  old  man  of  our 
gardens,  which  yields  small  quantities  of  a  fragrant  essential 
oil.  Estragon  oil  or  tarragon  oil  is  the  product  of  Artemisia 
dracunculus.  This  plant  is  a  native  of  Siberia  and  is 
cultivated  in  Europe.  The  yield  of  oil  from  the  fresh  herb 
varies  from  "1  to  '4  per  cent.,  and  from  the  dried  herb  from 
'2  to"8  per  cent.    Messrs.  Schimmel  &  Co.  have  cultivated 
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this  herb  at  their  Miltitz  plantations,  and  give  the  following 
figures  for  three'  samples  of  their  own  distillation  :— 


The  limits  may  be  taken  as  -890  to  -960,  and  for  the  rotation 
from  +  2°  to  +  9°.  It  is  soluble  in  10  volumes  of  80  per  cent, 
alcohol.  The  odour  of  this  oil,  recalling  that  of  anise,  led  to 
the  statement  that  anethol  was  a  constituent  of  the  oil. 
Griruaux  and  Schimmel  are  agreed  that  this  is  not  so,  but 
that  the  chief  constituent  is  methyl-chavicol  (estragol). 

This  oil  is  used  in  the  manufacture  of  various  sauces, 
vinegars  and  other  culinary  preparations. 

Tansy  Oil. — This  oil  is  distilled  from  the  herb  Tanacetum 
vulgare,  a  native  of  England,  but  cultivated  in  France, 
Germany,  the  United  States,  etc.  The  yield  of  oil  from  the 
fresh  herb  is  about  "1  to  -2  per  cent.,  and  from  the  dried 
herb  about  twice  this  quantity.  The  specific  gravity  varies 
from  -925  to  -950.  The  rotation  of  the  English  oil  is  about 
-  25°  to  -  35°,  whilst  the  American  oil  is  dextro-rotary  from 
+  30°  to  +  45°.  It  is  soluble  in  3  volumes  of  70  per  cent, 
alcohol.  The  earliest  thorough  examination  of  this  oil  was 
made  by  Bruylants  (Berichte,  xi.,  p.  450),  who  stated 
that  it  contained  an  aldehyde  C10HlfiO,  which  he  called 
tanacetylhydrine.  Semmler  examined  this  body  and  showed 
that  it  was  a  ketone,  and  renamed  it  tanacetone.  Wallach 
has  shown,  however,  that  it  is  identical  with  the  ketone  of 
thuja  oil  which  he  had  already  named  thujone.  Schimmel 
&  Co.  showed  that  the  oil  contains  traces  of  borneol  and 
some  iaevo-camphor,  a  fact  indicated  by  Persoz  previously 
(Gomptes  Rendus,  xiii.,  p.  436).  The  English  oil,  which  is 
strongly  laevo-rotary,  also  contains  much  more  camphor  than 
the  ordinary  American  oil.    A  sample  distilled  by  Sawer  and 


Specific  Gravity. 


Rotation, 
+  5°  15' 
+  8°  10' 
+  5°  45' 


1. 
2. 
3. 


•923 
•932 
•906 
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examined  by  Schimmel  &  Co.  deposited  a  considerable  amount 
of  camphor  when  cooled  to  0°. 

The  oil  is  useful  for  perfuming  certain  toilet  prepara- 
tions. 

Tanacetum  balsamita  yields  about  "07  per  cent,  of 
essential  oil.  According  to  Schimmel  &  Co.,  a  sample 
distilled  by  themselves  had  a  specific  gravity  -943,  optical 
rotation  -  53°  48',  and  a  saponification  number  equal  to  21 
per  cent,  of  KOH.  The  limits  of  specific  gravity  are  about 
0-940  to  0-950  and  the  optical  rotation  -  40°  to  -  55°.  On 
standing  in  a  cold  place  crystals  of  a  paraffin-like  substance 
were  deposited.  The  oil  is  not  soluble  in  twice  its  volume  of 
80  per  cent,  alcohol,  but  is  in  the  same  quantity  of  90  per 
cent,  alcohol.  The  oil  distilled  completely  between  207°  and 
283°,  and  gave  the  following  fractions  : — 

207°-220°  =  10-4  per  cent.  240°-250°  =  12-4  per  cent. 

220°-230°  =  16-8      „  250°-283°  =  21-2  „ 

230°-240°  =  18         „  Residue  =21-2  „ 

Tanacetum  boreale  yields  an  oil  of  specific  gravity  0*960 
and  refractive  index  1-4917.  Its  acid  number  is  about  30; 
ester  number  40,  and  the  oil  is  soluble  in  2  volumes  of 
80  per  cent,  alcohol. 

Achillea  coronopifolia,  according  to  Willdenow,  yields 
an  oil  of  deep  blue  colour  and  specific  gravity  -924  with  a 
strong  odour  of  tansy.  Achillea  moschata  yields  the  so- 
called  Iva  oil,  of  specific  gravity  '932.  This  is  a  light  blue 
oil  containing  cmeol.  Achillea  millefolium  also  yields  -07 
to  -13  per  cent,  of  oil,  the  so-called  milfoil  oil,  of  specific 
gravity  -905  to  -925.  This  also  contains  cineol,  and  a  very 
large  amount  of  the  blue  colouring  matter,  so  characteristic 
of  this  series  of  oils.  Achillea  nobilis  and  Achillea  ageratum 
are  also  said  to  be  used  in  the  preparation  of  milfoil  oil. 
That  from  Achillea  nobilis  is  an  oil  of  specific  gravity 
0*936,  optical  rotation  -  104°  and  containing  18-4  per  cent,  of 
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esters  and  13  per  cent,  of  alcohols.  It  contains  camphene, 
borneol,  and  formic  and  acetic  acids  in  the  form  of  esters. 

Arnica  Oil.— Both  the  flowers  and  the  root  of  Arnica 
montana  yield  essential  oils,  the  former  to  the  extent  of 
about  -1  per  cent.,  the  latter  up  to  1  per  cent.  The  plant 
is  indigenous  to  Europe,  growing  upon  the  Swiss  and  German 
mountains,  and  the  more  northern  plains.  It  is  also  met 
with  in  Northern  Asia  and  the  south-western  parts  of 
America.  The  root  oil,  which  is  only  worth  about  one- 
tenth  as  much  as  the  rarer  flower  oil,  is  slightly  laevo. 
rotary,  about  -  2°,  and  has  a  specific  gravity  from  '990  to 
1-000.  The  chemistry  of  this  oil  has  been  investigated  and 
the  following  bodies  have  been  identified  :  phlorone  isobutyric 
ether  C8H8(OC4H9)2,  thymohydroquinone  dimethyl  ether 
C10H12(OCH3)2,  and  phlorone  dimethyl  ether  C8H8(OCH3)2. 
The  flower  oil  is  a  blue  to  bluish-green  oil  when  fresh,  turning 
yellow  or  brown  on  keeping.  Its  specific  gravity  is  '905  to 
•910.  When  exposed  to  cold  it  becomes  solid  or  semi-solid, 
owing  to  the  presence  of  a  paraffin  hydrocarbon.  Esters  of 
lauric  and  palmitic  acid  are  also  present.  These  oils  are 
only  used  to  a  small  extent  in  medicine. 

Garlina  Oil.— This  oil  is  distilled  from  the  root  of  the 
thistle,  Garlina  acaulis,  indigenous  to  Central  Europe.  It 
is  a  dark-coloured  oil  of  aromatic  taste  and  odour,  of  specific 
gravity  from  1  "030  to  1  -040.  This  oil  has  often  been  exa  mined 
chemically,  but  a  careful  inspection  of  the  figures  obtained 
shows  that  the  results  are  not  reliable. 

The  oil  has  been,  however,  carefully  investigated  by 
Gadamer  and  by  Semmler.  It  contains  about  15  per  cent, 
of  a  monocyclic  sesquiterpene,  Clf)H24,  boiling  at  140°  at  20 
mm.,  and  of  specific  gravity  0-8733  and  refractive  index 
1-4920.  An  oxide,  termed  "  Carlina  oxide,"  C13H10O,  of 
specific  gravity  1-066  and  refractive  index  1-5860,  forms  the 
principal  constituent  of  the  oil.     It  is  a  complex  furane 
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derivative  of  the  constitution  C6H5 .  CH  :  C  :  CH  .  (C4H30). 
Semmler  has  also  isolated  a  sesquiterpene  C15H24  which  he 
terms  carlinene,  and  a  crystalline  solid  body.  Traces  of 
palmitic  acid  appear  to  be  present. 

Costus  Oil. — The  root  of  Aplotaxis  Lappa,  a  plant  in- 
digenous to  Eastern  India,  yields  about  1  per  cent,  of  an  oil 
with  a  characteristic  odour  recalling  that  of  orris  or  violets. 
This  plant  named  as  above  by  Decaisne  is  identical  with 
Aplotaxis  auriculata  (De  Candolle),  Auclandia  Costus 
(Falconer),  and  Saussurea  hypoleuca  (Sprengel).  It  grows 
at  elevations  of  7000  to  12,000  feet  on  the  north-western 
Himalayas,  being  found  freely  as  far  east  as  Sikkim  and  as 
far  west  as  Kashmir  and  Lahore.  The  oil  is  of  a  light 
yellow  colour,  of  specific  gravity  from  -980  to  "987  and  optical 
rotation  from  +  15°  to  +  16°.  It  commences  to  boil  at  275°, 
and  about  half  distils  over  below  315°,  when  decomposition 
takes  place.  On  keeping,  the  oil  develops  an  unpleasant 
odour,  which,  however,  Messrs.  Schimmel  &  Co.  claim  to 
remove  by  a  special  process  which  they  do  not  divulge. 

Dog  Fennel  Oil  is  obtained  from  the  entire  plant 
Eupatorium  foeniculaceum,  which  is  widely  distributed 
throughout  North  and  South  America.  The  oil  has  a  light 
yellow  colour  and  a  pepper-like  odour,  not  at  all  resembling 
true  fennel  oil.  The  specific  gravity  is  about  '935  and  the 
rotation  about  +  18°.  It  contains  a  large  amount  of  phel- 
landrene. 

Goldenrod  Oil. — The  oil  usually  known  under  this  name 
is  that  obtained  from  the  "sweet-scented  golden  rod," 
Solidago  odora,  a  plant  very  common  in  the  United  States 
east  of  the  Eocky  Mountains.  Canadian  goldenrod  oil, 
however,  is  yielded  by  Solidago  canadensis,  of  which  a 
sample  of  authentic  origin  had  a  specific  gravity  '859  and 
a  rotation  -  11°  10'.  This  is  one  of  the  other  species  closely 
resembling  Solidago  odora,  of  which  over  forty  are  found 
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in  the  United  States.  The  oil  contains  85  per  cent,  of 
terpenes,  as  its  low  specific  gravity  indicates,  which  consist 
chiefly  of  pinene,  together  with  phellandrene  and  dipentene, 
with  probably  some  limonene.  Borneol  (10  per  cent.), 
bornyl  acetate  (4  per  cent.)  and  cadinene  are  also  present. 
Solidago  rugosa  also  yields  an  oil,  but  it  possesses  an  odour 
recalling  Origanum  and  differs  from  that  above  described. 
The  oil  from  Solidago  odora  has  not  been  thoroughly  ex- 
amined, but  it  contains  much  less  terpenes  than  the  oil  from 
Solidago  canadensis. 

An  oil,  believed  to  be  distilled  from  a  mixture  of  Solidago 
odora  and  other  species,  examined  by  Schimmel,  had  the 
following  properties  :  Specific  gravity,  0-8904 ;  optical  rotation, 
-  15°  34' ;  ester  number,  342 ;  acetyl-ester  number,  59-9. 
The  oil  contains  about  12  per  cent,  of  bornyl  acetate. 

An  oil  from  Solidago  memoralis  had  a  specific  gravity 
0-8799 ;  optical  rotation,  -  23°  10' ;  ester  number,  14-4,  and 
acetyl-ester  number,  38-2. 

Fleabane  Oil. — This  oil,  also  known  as  erigeron  oil,  is 
distilled  from  the  fresh-flowering  herb,  Erigeron  canadensis, 
a  plant  widely  distributed  through  North  America,  and 
known  locally  as  horseweed,  fleabane,  butterweed,  colt's 
tail,  etc.  Only  about  \  per  cent,  of  oil  is  obtained,  and  this  is 
of  a  light  yellow  colour  and  aromatic  odour.  The  pure  oil 
has  a  specific  gravity  of  -850  to  -890,  and  an  optical  rotation 
of  about  +  65°  to  +  77°.  The  known  constituents  of  the  oil 
are  the  terpene  limonene,  terpineol  and  traces  of  citronellal. 

Elecampene  Oil  is  distilled  from  the  root  of  Inula 
helenium,  which  yields  from  1  to  2  per  cent,  of  oil.  The 
plant  is  a  native  of  Southern  Asia  and  Siberia,  and  is  found 
in  Southern  Europe  and  North  America.  According  to 
Marpmann  (Arch.  Pharm.,  xxv.,  p.  826),  the  oil  contains 
helenin  CeHgO,  alantic  anhydride  C15H20O2,  and  alantol 
C20H32O.    According  to  Keallen,  the  oil  consists  of  a  liquid 
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portion,  of  the  formula  CI0H16O,  which  he  terms  alantol,  and  a 
solid  portion  of  the  formula  C15H2202,  which  is  identical  with 
Marpmann's  al antic  anhydride.  According  to  Schimmel  & 
Co.,  heleninis  possibly  identical  with  alantic  acid,  and  has  the 
formula  (C6H80)x.  The  probable  constituents  of  the  oil  are 
therefore  alantic  acid,  alantic  anhydride  and  alantol,  all  bodies 
whose  chemical  relationships  require  elucidation. 

Helichrysum  Oil  is  the  product  of  distillation  of  the 
flowering  herb  Helichrysum  Stcechas.  It  is  an  oil  of  specific 
gravity  '873,  and  probably  contains  pinene. 

Kiku  Oil  is  distilled  from  the  leaves  of  Pyrethrum  in- 
dicum.    It  is  a  liquid  of  specific  gravity  about  '880  to  '890. 

Ragweed  Oil  is  a  dark  green  oil  distilled  from  the  flowering 
herb  Ambrosia  artemisifolia,  which  yields  under  XV  per 
cent,  of  oil.  Its  specific  gravity  is  -870,  and  optical  rotation 
-26°. 

N.  0.  Capbifoliace^. 

Elder  Oil  is  a  product  seldom  seen  in  commerce.  It  has 
been  obtained  by  distilling  the  fresh  flowers  with  water  and 
extracting  the  water  with  petroleum  ether.  It  forms  a 
greenish  semi-solid  mass  with  a  penetrating  odour.  Ac- 
cording to  a  very  old  investigation  by  Dr.  Gladstone,  it 
yields  sulphuretted  hydrogen  when  distilled  without  water, 
and  contains  a  terpene  and  a  crystalline  solid. 

POLYPETALvE. 

N.  0.  Umbellifee^;. 

It  will  be  convenient  to  discuss  here  two  oils  yielded  by 
the  N.  O.  Magnoliacece,  on  account  of  their  connection  with 
aniseed  oil. 

Aniseed  Oil. — Two  varieties  of  aniseed  oil,  almost  identical 
in  composition  and  properties,  are  known  in  commerce.  Of 
these  one  is  derived  from  Pimpinella  aniswm,  the '  true 
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anise,  belonging  to  the  natural  order  Umbelliferce,  and  the 
other,  which  constitutes  the  bulk  of  the  commercial  oil, 
from  Rlicium  verum,  the  star  anise,  one  of  the  Magno- 
liacece. 

Pimpinella  anisum  is  indigenous  to  Asia  Minor  and 
Egypt,  and  is  also  cultivated  in  Eussia,  Spain,  Malta,  Greece, 
Bulgaria,  Chili,  India  and  several  other  parts  of  Europe. 
Eussia  produces  the  greater  part  of  the  anise  fruit  used  for 
distillation,  after  which  Asia  Minor  comes  chiefly  into  con- 
sideration. 

In  Eussia,  from  which  country  most  of  the  fruit  used  for 
distillation  is  obtained,  farmers  in  the  districts  of  Walcysk, 
Birjutschensk  and  Ostrog,  and  to  a  less  extent  Podolia,  Kursk, 
Charkow,  Tauria  and  Cherson,  cultivate  the  plant,  a  portion 
of  the  fruit  being  distilled  on  the  spot,  or  used  for  domestic 
purposes,  the  remainder  being  exported.  The  commercial 
centres  of  the  anise  trade  are  Krassnaja  and  Alexejewskaja. 

The  star  anise  (Badiane)  is  chiefly  found  in  Southern 
China  and  Tonkin.  The  earliest  reliable  information  as  to 
the  actual  habitat  of  this  plant  was  furnished  by  Mr.  Piry 
in  his  report  on  the  trade  at  Pakhoo  for  the  years  1878-79, 
in  which  he  states  that  the  fruit  is  brought  for  export  to 
Kin  Chow  and  Pakhoi  from  Kwang-Si,  chiefly  from  Lung- 
chow  on  the  borders  of  Annam,  and  Po-Se' on  the  West 
Eiver  close  to  Yunnan..  The  oil  is  chiefly  distilled  by  the 
natives,  and  sold  to  merchants  who  transfer  it  to  Hong- 
Kong,  where  it  is  bought  by  the  exporters  and  sent  to 
Europe,  sometimes  in  a  grossly  adulterated  condition.  Ac- 
cording to  Simon,  the  adulteration  is  practised  not  by 
the  distillers,  but  by  the  "  Bande  Noir,"  as  he  terms  the 
Chinese  merchants  who  combine  to  buy  the  oil  from  the 
native  distillers,  keeping  them  more  or  less  under  their 
dominion,  by  means  of  money  advances  in  the  early  part 
of  the  season.    European  merchants,  however,  now  have 
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their  agents  both  in  the  Kwang-Si  and  Tonkin  districts,  who 
collect  the  oil  immediately  it  is  distilled  and  transport  it 
either  to  Hong-Kong,  Pakhoi  or  Haiphong,  from  where  it 
is  shipped  to  Europe.    The  greatest  care  is  necessary  in 
purchasing  this  oil  on  account  of  the  heavy  adulteration, 
especially  with  petroleum,  practised  by  the  Orientals.  In 
Annam  the  process  of  distillation  is  as  follows.     About  20 
lb.  of  the  fruit  are  placed  in  an  iron  pan  and  covered  with 
water.    Upon  this  is  placed,  bottom  upwards,  so  as  to  form 
a  cover,  a  second  iron  pan  pierced  with  a  circular  opening, 
over  which  is  placed  an  earthen  vessel  with  three  small 
orifices  in  the  lower  part,  which  allow  the  access  of  vapour 
into  this  vessel.    These  orifices  are  covered  on  the  inside 
by  small  ear-shaped  hoods  which  cause  the  vapour  to  be 
spread  over  to  the  sides  of  the  vessel.    This  earthen  vessel 
is  covered  with  an  iron  pan,  which  performs  the  part  of  a 
refrigerator,  and  into  which  a  continuous  current  of  cold 
water  is  admitted.    The  joints  of  the  first  two  iron  pans 
are  luted  and  the  earthen  vessel  and  the  refrigerator  are 
jointed  with  rag  bandages.    The  vapour  reaches  the  earthen 
vessel  and  is  condensed  when  it  strikes  the  bottom  of  the 
refrigerator,  and  falls  into  a  circular  trough  at  the  bottom 
of  the  vessel,  whence  it  escapes  through  a  small  pipe.  The 
average  annual  production  of  oil  is  as  follows  : — 


The  yield  obtained  is  from  2*5  to  5  per  cent.  In  Europe 
the  oil  distilled  from  the  following  growths  of  true  anise 
yielded  the  following  results  (Schimmel) : — 


District  of  Po-Se  . 
District  of  Lung-chow  . 
District  of  Lang-So 


90,000  kilos. 
30,000  „ 
30,000  „ 


Chilian 
Macedonian 


1-  9  to  2-6 

2-  2 


Italian 
Moravian  . 
East  Prussian 
Spanish 
Thuringian 


2-7  to  3-5 
2-4  to  3-2 


Mexican 
Russian 
Syrian 


1-  9  to  2-1 

2-  4  to  3-2 
1-5  to  6-0 


2-  4 

3-  0 
2-4 
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Aniseed  oil  is  a  pale  yellow  oil  of  syrupy  consistence,  solid 
below  about  15°.  Its  specific  gravity  is  "978  to  '990,  and  it 
is  slightly  laevo-rotary  0°  to  -  2U,  but  never  dextro-rotary. 
(Squire  has  reported  some  dextro-rotary  oils,  but  they  were 
probably  adulterated  with  fennel  oil.)  In  these,  as  in  other 
physical  properties,  no  difference  of  importance  exists  between 
the  two  oils.  The  pure  oil  is  soluble  in  3  volumes  of  90  per 
cent,  of  alcohol.  The  refractive  index  lies  between  T5540  and 
1-5600.  The  British  Pharmacopoeia  allows  "975  to  -990  as  the 
limit  of  specific  gravity  when  taken  at  20°— presumably  mean- 
er 20° 

m8  $W    As  jt  is  not  easy  to  keep  the  oil  liquid  at  15-5°  in 

certain  cases,  the  gravity  may  well  be  taken  at  the  higher  tem- 
perature. The  usual  adulterants  are  petroleum,  fennel  oil,  or 
its  stearoptene,  and  the  waste  liquid  portion  of  the  oil  obtained 
in  the  manufacture  of  anethol  (the  solid  odorous  constituent 
of  the  oil).  In  addition,  spermaceti  has  been  said  to  be  added, 
but  the  author  has  never  met  with  a  sample  adulterated  with 
this  body.  The  value  of  the  oil  depends  on  the  quantity  of 
anethol  it  contains,  and  as  this  melts  at  21°  to  22°  and  boils  at 
232°,  the  melting  point  and  the  behaviour  on  fractionation  of 
the  oil  yield  most  valuable  information  as  to  its  purity.  With 
regard  to  the  latter,  the  fraction  obtained  between  225°  and 
.235°  should  not  be  less  than  80  per  cent.— usually  varying  from 
80  to  85  per  cent.— corresponding  to  practically  that  quantity 
of  anethol.  Anethol  has  a  great  tendency  to  exist  in  a  state 
of  superfusion,  so  that  the  oil  can  be  easily  cooled  down,  if  not 
agitated,  below  its  normal  solidifying  point,  consequently  it  is 
necessary  either  to  solidify  the  oil  in  a  very  thin  test-tube, 
and  take  its  melting  point,  or  to  determine  its  solidifying  point 
m  Beckmann's  apparatus  which  is  illustrated  on  page  112. 

Schimmel  &  Co.  describe  the  method  they  adopt  in  the 
following  terms,  and  the  author  considers  it  yields  very 
concordant  results  : — 
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"  For  the  determination  of  the  point  of  solidification  of 
essential  oils,  the  well-known  Beckmann's  apparatus  for  the 
determination  of  the  molecular  weight  from  the  decrease  of 
the  freezing  point  may  well  be  used.  A  few  small  modifica- 
tions make  it  particularly  suited  for  the  examination  of 
anise-  and  star-anise  oils.  These  slight  alterations  consist 
mainly  in  the  removal  of  the  cork-connections,  by  which  the 
full  view  of  the  mercurial  column  of  the  thermometer  is 
impeded.  The  lateral  branch  of  the  freezing  tube,  C,  of  the 
Beckmann's  apparatus,  serving  for  the  introduction  of  the 
substance  to  be  examined,  can  also  be  omitted.  The  illustra- 
tion (see  page  112)  explains  the  apparatus  as  modified  by  us 
for  our  purpose.  The  battery  jar,  A,  serves  for  receiving  the 
refrigerating  fluid.  The  test  tube,  B,  suspended  in  the  metal 
cover  serves  as  aircover  around  the  freezing  tube,  C,  preventing 
the  premature  solidification  of  the  oil  to  be  examined.  This 
tube  is  wider  at  its  top,  narrowing  down  at  the  junction 
where  it  rests  on  the  rim  of  the  lower  tube,  B.  In  order  to 
support  the  tube  C  in  the  tube  B,  three  glass  protuberances 
are  affixed  on  its  inside  about  5  c.c.  below  its  upper  rim. 
The  thermometer,  divided  into  \  degrees,  is  supported  in  a 
metallic  cover  by  three  small  springs,  permitting  a  ready 
displacement  both  upwards  and  downwards. 

"  For  making  tbe  determination  for  anise-  and  star-anise 
oils,  the  jar  is  filled  with  iced  water  and  broken  ice,  for  fennel 
oil  with  a  freezing  mixture  consisting  of  broken  ice  and 
common  salt.  Then  the  sample  of  oil  to  be  tested  is  intro- 
duced into  the  freezing  tube,  C,  reaching  to  a  height  of  about 
5  cm.,  and  the  thermometer  is  inserted  into  the  oil  with  the 
precaution  not  to  touch  the  wall  of  the  tube  in  any  place. 
During  the  cooling  process  any  concussions  have  to  be 
avoided,  as  they  tend  to  cause  a  premature  solidification  of 
the  oil.  When  the  thermometer  has  reached  about  10°  below 
the  point  of  solidification,  this  being  at  6°  to  8°  for  anise-  and 
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star-anise  oils,  the  solidification  is  induced  by  gentle  friction 
with  the  thermometer  upon  the  wall  of  the  tube  holding  the 
oil.  Should  this  simple  procedure  fail  in  its  object,  a  minute 
crystal  of  solidified  oil  or  of  anethol  may  be  introduced  into 
the  fluid,  whereupon  the  crystallisation  sets  in  at  once, 
disengaging  considerable  heat.  It  may  be  accelerated  by 
constantly  stirring  with  the  thermometer,  whose  mercurial 
column  rapidly  rises,  soon  reaching  the  maximum  height, 
.  called  the  solidification  point  of  the  oil." 

The  solidification  point  taken  in  this  way,  or  the  melting 
point,  should  not  be  below  15°.    It  usually  varies  in  pure 
samples  between  15°  and  18",  according  to  the  percentage  of 
anethol.    A  quite  satisfactory  method  of  determining  the 
solidifying  point  is  to  carefully  supercool  a  small  amount  in  a 
test  tube— say  to  10°,  add  a  crystal  of  anethol  and  stir  with 
the  thermometer,  which  will  now  rapidly  rise  to  the  correct 
solidifying  point.    Small  quantities  of  petroleum  do  not  bring 
this  point  below  the  lowest  limit  for  a  pure  oil,  but  even  2  or 
3  per  cent,  greatly  interferes  with  the  solubility  in  alcohol. 
The  pure  oil  is  soluble  in  three  volumes  at  most  of  90  per 
cent,  alcohol,  whereas  an  oil  adulterated  with  5  per  cent,  of 
petroleum  will  not  dissolve  in  ten  volumes.    On  keeping  for 
any  considerable  time,  the  oil  becomes  partially  oxidised, 
with  the  formation  of  anisic  aldehyde  and  anisic  acid,  with  a 
lowering  of  the  melting  point  and  raising  of  the  specific 
gravity.    A  few  years  ago  some  samples  of  aniseed  oil  ap- 
peared on  the  German  and  London  markets,  which  possessed 
an  abnormally  low  melting  point.    No  adulterant  could  be 
detected  in  these,  although  the  melting  point  varied  from 
8°  to  11°.   Two  views  have  been  taken  on  this  point.  Umney 
has  examined  a  sample  of  star-anise  leaf  oil,  which,  accord- 
ing to  Simon,  is  largely  distilled  in  the  Po-Se  district.  He 
finds  its  specific  gravity  to  be  "9878,  its  rotation  +  1°,  and 
its  solidification  point  below  that  of  the  ordinary  fruit  oil.  A 
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larger  percentage  of  anisic  aldehyde  was  also  indicated  by  its 
behaviour  on  fractionation,  and  towards  the  usual  aldehydic 
reagent — fuchsine  decolourised  by  sulphurous  acid.  Possibly 
the  oil  in  question  was  distilled  from  leaves  and  fruits.  The 
other  view  is  that  the  flowers,  or  very  early  fruits,  are  distilled 
and  yield  an  oil  with  a  much  lower  anethol  content.  It  is 
believed  that  some  of  the  flowers  or  very  young  fruits  are 
removed  in  order  to  allow  the  remainder  to  develop  to  the  best 
advantage,  and  instead  of  being  thrown  away,  these  are  dis- 
tilled. Some  oil  from  Tonkin,  said  to  be  oil  of  this  description, 
absolutely  free  from  petroleum  and  apparently  quite  authentic, 
gave  the  following  results  : — 

Specific  gravity  ^le. 

Rotation  +0°23'. 

Solidifying  point  12°. 

A  pure  commercial  oil,  however,  should  certainly  solidify 
not  below  15°,  should  have  a  specific  gravity  "975  to  "990  and 
an  optical  rotation  0°  to  -  2°,  and  not  less  than  80  per  cent, 
should  distil  between  225°  and  235°. 

Although  the  physical  characters  of  the  true  aniseed  and 
the  star-aniseed  oil  are  practically  identical,  the  constituents 
other  than  anethol,  so  far  identified,  are  not  quite  so.  Anethol, 
methyl-chavicol,  and  traces  of  anisic  aldehyde  and  anisic  acid 
are  so  far  the  only  constituents  which  have  been  identified 
with  certainty  in  the  oil  of  Pimpinella  anisum.  Bouchardat 
and  Tardy  stated  (Comptes  Rendus,  1896,  p.  198)  that  they 
found  fenchone  and  anisic  ketone  C10H12O2  in  the  oil,  but 
as  the  sample  upon  which  they  worked  was  dextro-rotary  and 
melted  at  10°,  it  was  probably  adulterated  with  fennel  oil, 
and  the  results  are  valueless.  A  further  examination  showed 
that  the  fenchone  was  due  to  the  presence  of  fennel  oil, 
but  that  anise-ketone  was  present  in  the  oil.  It  has  a  specific 
gravity  1*095.  In  star-aniseed  oil,  anethol,  methyl-chavicol, 
anisic  aldehyde  and  anisic  acid  (in  traces),  dextro-pinene, 
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laevo-phellandrene,  and  the  ethyl  ether  of  hydroquinone,  and 
probably  safrol,  have  been  detected.  Traces  of  anise-ketone 
and  a  laevo-rotary  sesquiterpene  and  possibly  a  little  ter- 
pineol  are  also  present.  According  to  Tilden,  a  dextro-rotary 
terpene  is  present  in  both  oils. 

The  leaves  of  the  star  anise  yield  an  oil  of  specific  gravity 
0-988  or  thereabouts,  and  which  is  dextro-rotary  up  to  +  1°  or 
+  2°.  Its  anethol  and  melting  point  are  low.  According 
to  Umney  the  fruit  and  leaf  oils  behave  as  follows  on  frac- 
tionation : — 

Fruit  oil.  Leaf  oil. 

Below  225°    .       .       .       20  per  cent.  10  per  cent. 

226° -  230°   .       .       .       65      „  60  „ 

Above  230°    ...       15       „  30  „ 

The  fruit  of  a  plant,  Seseli  Harvey unum,  known  in 
Victoria  (Australia)  as  aniseed,  but  which  more  closely 
resembles  fennel,  yields  an  oil  which  has  been  examined 
by  Umney,  who  found  its  specific  gravity  to  be  -914  and  its 
rotation  +  14°.  It  was  still  liquid  at  4°.  The  oil  thus 
resembles  fennel  more  than  anise  oil. 

A  false  aniseed,  also  belonging  to  the  N.  O.  Magnoliacece, 
is  found  in  Japan  under  the  name  "  Shikimi  no  Ki  ".  It  is 
the  EUtiiim  religiosum,  and  its  oil  is  known  as  Shikimi  or 
Japanese  star-anise  oil.  Eijkmann  distilled  40  kilos  of  the 
leaves— which  are  usually  employed  for  the  preparation  of 
the  oil,  although  the  fruit  yields  an  oil— and  obtained  177 
grammes  of  oil.  It  was  a  strongly  refractive,  faintly  yellow 
oil  of  specific  gravity  T006.  It  contains  eugenol,  cineol  and 
safrol,  and  a  terpene,  probably  limonene,  with  some  sesqui- 
terpene. The  so-called  anise  bark  oil,  prepared  by  Schimmel 
&  Co.  from  the  bark  of  Illicium  parviftorum,  which  yielded 
34  per  cent.,  is  an  oil  of  spicy  taste,  and  odour  recalling 
sassafras  and  tarragon.  It  had  a  specific  gravity  -969  and 
optical  rotation  -  0°  46'.  It  consisted  chiefly  of  methyl 
chavicol,  containing  very  little  anethol. 
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Pure  anethol,  of  melting  point  21°  to  22°,  is  now  a  com- 
mercial article,  and  is  preferred  by  some  to  the  natural  oil. 
The  oil  is  used  in  perfumery,  in  the  preparation  of  cordials 
and  liqueurs,  and  in  pharmacy. 

Caraway  Oil. — This  oil  is  distilled  from  the  seed  of 
Garum  carui,  a  plant  inhabiting  the  low-lying  lands  in 
many  parts  of  Northern  and  Central  Europe.  It  is  cultivated 
in  England,  Germany,  Holland,  Prussia,  Morocco,  etc.  The 
Dutch  fruit  is  esteemed  very  highly,  and  the  oil  obtained  from 
it  is  worth  more  than  that  obtained  from  any  other,  except 
English,  which  however  is  a  matter  of  local  sentiment. 
Schimmel  &  Co.  give  the  following  as  the  average  yields 
obtained  from  various  fruits  : — 


Bavaria,  wild 

.    6-5-7  per  cent. 

German,  cultivated  . 

3-5-5  per  cent. 

Finnish  . 

.  5-6 

j> 

Galician  . 

4-5 

Hessian,  wild 

.  6-7 

>> 

Dutch,  cultivated  . 

4-6-5  „ 

Moravian,  cultivated  4 

i> 

Norwegian,  wild 

5-6-5  „ 

East  Frisian . 

.  5-5-6 

!> 

East  Prussian,  culti- 

Russian, wild 

.  3-2-3-6 

>> 

vated  . 

5-5-5  „ 

Styrian  . 

.  6 

)» 

Swedish,  wild  . 

4-6-5 

Wurtemburg . 

.  5-5-6 

1) 

Tyrolese  . 

6-5 

Caraway  oil  is  one  of  those  whose  chemistry  is  almost 
fully  understood.  Normal  caraway  oil  consists  almost 
entirely  of  two  components,  the  terpene,  dextro-limonene, 
and  carvone.  There  are  also  present  dihydrocarvone,  dihydro- 
carveol  and  a  base  not  yet  identified.  Traces  of  carvacrol 
may  also  be  present.  The  physical  properties  of  the  two 
chief  constituents  are  well  defined  and  very  different,  so  that 
those  of  the  oil  give  an  approximate  estimate  of  the  per- 
centage of  the  two  bodies  present.    They  are  as  follows : — 

Boiling  Point.    Specific  Gravity.  Rotation. 
Limonene  .       .       175°-176°  -846  +  107°  (approx.) 

Carvone     .       .       224°  -964  +  62° 

Pure  caraway  oil  possesses  a  specific  gravity  of  '910  to 
•920  (pharmacopoeial  limits)  and  an  optical  rotation  of  +  70° 
to  +  85°.    Samples  with  a  specific  gravity  below  '910  may 


SYSTEMATIC  STUDY  OF  THE  ESSENTIAL  OILS.  341 


occasionally  be  found,  but  in  general  they  should  be  regarded 
with  suspicion,  for  if  not  adulterated,  their  natural  carvone 
content  is  low.     The  refractive  index  is  1-4870  to  1-4900. 
The  valuable  constituent  of  this  oil  is  the  carvone,  and  on 
this  account,  and  as  it  is  easy  to  separate  this  body  in  a  fairly 
pure  state,  carvone  is  often  used  in  place  of  the  oil,  and  is 
official  in  the  German  Pharmacopoeia.    The  result  is  that 
there  is  much  de-carvonised  oil  on  the  market  to  be  disposed 
of.    A  portion  of  the  carvone  is  abstracted  by  fractional  dis- 
tillation, and  the  misleading  name  "rectified  caraway  oil" 
often  given  to  the  remaining  oil,  which  frequently  has  a 
specific  gravity  of  -890  to  -900  and  a  correspondingly  high 
rotation.    When  all  the  carvone  is  abstracted  the  resulting 
"carvene,"  as  it  is  called— in  reality  almost  pure  limonene, 
with  traces  of  carvone — is  sold  as  "light"  oil  of  caraway. 
It  is  used  for  perfuming  cheap  soaps,  but  it  is  false  economy, 
as  the  same  value  in  pure  oil  or  in  carvol  has  a  far  higher 
odour  value,  and  is  cheaper  in  the  end.    "  Carvene"  is  com- 
parable to  "  citrene,"  the  waste  terpenes  obtained  in  preparing 
terpeneless  oil  of  lemons,  and  "  auranciene,"  the  correspond- 
ing terpenes  from  orange  oil.    They  are  all  practically  useless 
for  perfumery  purposes,  and  are  either  sold  under  misleading 
names,  or  used  to  adulterate  the  respective  oils  from  which 
they  have  been  obtained.    There  is  also  an  oil  known  as 
caraway  chaff  oil,  which  appears  to  be  distilled  from  a  mixture 
of  the  herb  itself,  and  the  chaff  obtained  on  threshing  the 
seeds.    "  Light "  caraway  oil  examined  by  the  author  had  a 
specific  gravity  -848  and  an  optical  rotation  +  103°.  Umney 
gives  a  sample  of  "light  "  caraway  or  "chaff  "  oil  as  having  a 
specific  gravity  "8482  and  an  optical  rotation  of  -  58-5°.  At- 
tempting to  determine  the  question  as  to  when  the  carvone 
was  formed  in  the  plant,  Messrs.  Schimmel  &  Co.  distilled 
the  samples  described  below,  grown  by  them  on  their IMiltitz 
fields : — 
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No.  1  from  fresh  long-cut,  blooming  plants  with  partly 
ripening  fruits. 

No.  2  from  fresh  plants  cut  at  the  same  time  and  in  the 
same  way,  from  which,  however,  the  umbels  bearing  both 
flowers  and  ripening  fruits  had  been  removed,  so  that  the 
stalks  and  the  leaves  alone  were  distilled. 

No.  3  from  plants  in  a  more  advanced  stage  of  ripening, 
and  after  the  time  of  blooming,  but  before  the  full  ripening 
of  the  fruits. 

The  following  were  the  physical  constants  of  the  oils 

obtained  : — 

Specific  Gravity.  Refractive  Index.  Optical  Rotation. 
No.  1          0-882                 1-48306  +  65°  12' 

„   2  about  0-880  1-5083  +  20°  36' 

„   3  0-9154  1-48825  +  63°  6' 

The  odour  of  oil  No.  2  hardly  resembled  that  of  car- 
away seeds,  nor  did  it  contain  either  limonene  or  carvone, 
the  characteristic  constituents  of  caraway  oil,  in  any  per- 
ceptible quantity.  The  small  sample  was  just  sufficient 
for  ascertaining  the  boiling  point ;  it  began  to  boil  at  195° 
C,  the  thermometer  then  rapidly  rose  to  230°  C,  and  between 
230°  and  270°  about  65  to  70  per  cent,  distilled  over;  the 
residue  was  resinified. 

Sample  No.  1  evidently  contained  much  more  terpene 
and  less  carvone  than  sample  No.  3.  Hence  it  is  possible 
that  the  latter  results  from  the  oxidation  of  the  former 
during  the  ripening  of  the  plant.  A,  body  of  high  boiling 
point,  not  yet  identified,  was  detected  in  small  quantity  in 
each  of  these  oils. 

The  percentage  of  carvone  being  the  criterion  of  the 
value  of  this  oil,  the  analysis  of  it  should  be  especially 
directed  towards  this  point.  A  high  carvone  content  is 
indicated  by  a  high  specific  gravity  and  (comparatively)  low 
rotation.  These  should  vary  between  -910  and  '920,  and 
+  70°  to  +  85°  respectively.     On  fractional  distillation  not 
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more  than  25  per  cent,  should  distil  below  185°,  and  at  least 
55  per  cent,  to  65  per  cent,  should  distil  over  200°,  a  con- 
siderable fraction — 40  per  cent,  to  50  per  cent. — being 
obtained  from  220°  to  230°. 

Various  direct  methods  of  determining  the  carvone  have 
been  proposed,  based  on  the  preparation  of  crystalline 
compounds  of  this  body  (q.v.,  p.  73).  The  oxime,  the 
sulphuretted  hydrogen  compound  and  the  phenylhydrazone 
have  been  employed,  but  only  approximate  results  can  be 
obtained  in  all  tbese  cases.  The  following  are  the  details 
recommended  in  the  case  of  the  phenylhydrazone  : — 

When  5  c.c.  phenylhydrazine  are  added  to  5  c.c.  of  caraway 
oil  the  mixture  becomes  warm  owing  to  chemical  combination 
taking  place,  and  if  the  action  be  accelerated  by  placing  the 
test  tube  in  boiling  water  for  a  few  minutes  a  copious  crystal- 
lisation of  carvone  phenylhydrazone,  C10H14 :  N  .  NH  .  C6H5, 
appears,  and  on  cooling  the  whole  solidifies  to  a  crystalline 
mass.  After  heating  for  one  hour  the  reaction  is  complete, 
the  excess  of  phenylhydrazine  is  removed  by  adding  5  c.c. 
glacial  acetic  acid  whilst  hot,  shaking  and  diluting  with  20 
c.c.  water.  The  contents  of  the  test  tube  are  then  cooled 
and  filtered  through  a  paper  disc  by  means  of  a  pump,  and 
the  crystalline  mass  washed  with  water  until  of  a  pale  yellow 
colour.  By  this  process  not  only  is  the  excess  of  phenyl- 
hydrazine  removed  in  aqueous  solution  as  acetate,  but  nearly 
all  the  oily  terpene  adherent  to  the  crystals  is  washed  away. 
On  crystallising  from  a  definite  volume  of  95  percent,  alcohol 
the  carvone  phenylhydrazone  is  obtained  in  long  silky  pale 
yellow  needles,  melting  at  106°  C,  but  so  difficult  to  dry 
without  decomposition  as  to  render  the  determination  only 
approximate. 

The  sodium  sulphite  process  yields  good  results  (see  p.  133). 
Caraway  oil  is  employed  in  the  preparation  of  liqueurs, 
in  perfumery  and  to  a  certain  extent  in  pharmacy. 
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Coriander  Oil. — This  oil  is  distilled  from  the  fruit  of 
Coriandrum  sativum,  a  native  of  the  Levant  and  Southern 
Europe,  cultivated  in  many  places  all  over  the  world.  The 
average  yield  from  various  fruits  is  given  hy  Schimmel  &  Co. 
as  follows  : — 

French    .  -4  per  cent.  Dutch       .  *6  per  cent. 

Italian    .  -5       „  Moravian  .  -8 

Morocco  .  -2  to  -3  per  cent.  Bast  Indian  -15  to  -2  per  cent. 

Russian  .  -8  to  -1       ,,  Thuringian  -6  to  -8  „ 

Thuringia  and  Eussia  have,  of  late,  been  the  most  im- 
portant producers,  the  crops  "from  these  districts  sometimes 
reaching  as  high  a  figure  as  450  tons.  The  oil  has  an 
intense  odour  of  the  seeds,  which  is  much  impaired  if  im- 
mature fruits  have  been  used  in  the  distillation.  This 
is  explained  by  the  following  experiment  undertaken  by 
Schimmel  &  Co.  A  portion  of  a  crop  was  gathered  in  the 
early  summer,  whilst  the  herb  was  in  early  flower,  and 
the  whole  herb  distilled.  Five  weeks  later,  when  half  ripe 
and  just  starting  to  seed,  another  portion  was  gathered  and 
distilled.  In  another  month,  the  fully  ripe  fruit  of  a  third 
portion  was  distilled.  The  result  of  the  examination  of  the 
oils  obtained  is  given  below  in  Messrs.  Schimmel  &  Co.'s 
own  somewhat  expressive  language  : — 

"  1.  Oil  from  the  entire  Flowering  Plant  in  the  Green 
State.— Yield  012  per  cent.  Sp.  gr.  0-853.  Insoluble  in  70 
per  cent,  alcohol.  Extremely  objectionable,  bug-like  odour. 
After  2J  months  the  specific  gravity  of  the  oil  had  increased 
to  0'856.  The  optical  rotation  (which  had  not  been  deter- 
mined immediately  after  distillation)  was  then  +  1°  2'  in  a 
100  mm.  tube  at  18°  C.  The  bug-odour  had  disappeared 
almost  entirely.  It  would  therefore  seem  that  in  the  mean- 
time the  carrier  of  the  odoriferous  principle  had  become  poly- 
merised or  otherwise  transformed. 

"  2.  Oil  from  Green  Half -ripe  Coriander  Herb,  with  Fruit. 
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—Yield  017  per  cent.  Sp.  gr.  0-866.  Optical  rotation  +  7° 
10'  at  18°.  Soluble  in  three  parts  of  70  per  cent,  alcohol. 
Odour  resembling  that  of  coriander,  with  a  subsidiary  odour 
reminding  of  bugs.  After  one  month  the  specific  gravity  had 
increased  to  0-869. 

"3.  Oil  from  Ripe  Coriander  Fruit,  distilled  immediately 
after  harvesting  .—Yield  0-83  per  cent.  Sp.  gr.  0*876.  Optical 
rotation  +  10°  48'  at  16°.  Soluble  in  three  parts  of  70  per 
cent,  alcohol.    Pure  coriander  odour." 

The  pure  oil  has  a  specific  gravity  "870  to  '880,  rarely  to 
•385  (the  B.  P.  allows  "870  to  -885).  Its  optical  rotation 
varies  from  +  8°  to  +  14°,  rarely  falling  as  low  as  +  7°.  It 
should  dissolve  completely  in  three  times  its  volume  of  70 
per  cent,  alcohol.  On  fractional  distillation  from  45  to  55  per 
cent,  should  be  obtained  between  190°  and  200°,  indicating  a 
due  proportion  of  linalol.  Its  refractive  index  is  about  1*4650 
and  the  ester  number  from  4  to  23.  The  most  common  adul- 
terant of  this  oil  is  sweet  orange  oil,  which  is  detected  by 
the  lowering  of  the  specific  gravity  and  the  increase  in  the 
rotation  of  the  oil.  The  solubility  is  also  interfered  with.  Oils 
of  cubebs,  cedar  and  turpentine  are  also  occasionally  added. 

Semmler  (Berichte,  1891,  p.  206)  isolated  the  characteristic 
component  of  this  oil,  which  he  termed  coriandrol,  an  alcohol 
of  the  formula  C10H17OH.  Barbier  has,  however,  shown 
that  this  is  identical  with  dextro-lma,M  (Gomptes  Rendus, 
1893,  p.  1459).  The  only  other  known  constituent  of  the 
oil  is  pinene. 

Dill  Oil  is  obtained  by  the  distillation  of  the  fruit  of 
Anethum  graveolens,  Linnaeus  (Peucedanum  graveolens, 
Bentham).  It  is  indigenous  to  Central  and  Southern 
Europe,  but  is  found  in  many  other  localities,  such  as  the 
Caucasus,  Persia  and  the  north-east  of  Africa  and  India. 
Slight  botanical  differences  exist  between  the  European  plant 
and  that  grown  in  India,  so  that  the  latter  has  been  described 
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as  a  distinct  species  (Anethum  Sowa).    A  difference  of  opinion 

exists  as  to  whether  this  distinction  is  justifiable,  but  the 

oils  obtained  from  the  two  plants  are  certainly  not  identical. 

The  yield  of  oil  obtained  from  the  seeds  is  about  3  to  4  per 

cent.    The  oil  (from  the  European  plant)  is  a  pale  yellow 

liquid,  of  specific  gravity  about  -905  to  '920  (pharmacopoeial 

limits),  although  Schimmel  &  Co.  give  oils  they  have  distilled 

themselves  with  as  low  a  gravity  as  "895.    This  however  must 

be  regarded  as  very  exceptional,  and  a  specific  gravity  below 

"905  is  generally  indicative  of  the  abstraction  of  carvone. 

The  optical  rotation  is  from  +  70°  to  +  80°.    It  is  soluble  in 

five  to  eight  parts  of  80  per  cent,  alcohol.     The  refractive 

index  is  about  1*4900.    In  spite  of  the  difference  in  odour 

between  this  and  caraway  oils,  the  composition  of  the  two  is 

almost  identical,  both  consisting  nearly  entirely  of  Hmonene 

and  carvone.    Dill  oil  however  contains  less  carvone  than 

caraway  oil.    Hence  the  tests  given  under  caraway  oil  apply 

here,  and  stress  should  be  laid  on  the  specific  gravity,  optical 

rotation  and  fractionation.    Not  more  than  15  per  cent. 

should  distil  below  185°,  and  not  less  than  40  per  cent. 

above  220°.    English  distilled  oils  usually  have  the  highest 

specific  gravity,  from  "910  to  *916,  and  are  consequently  held 

in  the  highest   esteem.    The  following  are  the  average 

fractions  obtained  from  English  and  German  oils  : — 

English,  German. 
Below  185°    .       .       .       10  percent.  10  per  cent. 

185°-200° 


200°-220° 
220°-230° 
Above  230° 


20  „  22 

20  „  22 

48  „  42 

2  „  4 


East  Indian  dill  has  a  much  higher  specific  gravity  than 
European  oil,  this  figure  usually  varying  from  '945  to  -970. 
Its  rotation  is  from  +  40°  to  +  50°.  This  high  specific  gravity 
is  in  all  probability  due  to  the  presence  of  dill  apiol,  a  body 
isomeric  with  ordinary  parsley  apiol,  discovered  by  Ciamician 
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and  Silber.  Indian  oil  contains  much  less  carvone  than 
European  oil,  as  does  the  Japanese  oil,  which  also  possesses 
a  high  specific  gravity  and  appears  to  be  nearly  identical  with 
Indian  oil.  The  optical  rotation  of  both  varies  from  +  40°  to 
+  50°.  Spanish  oil  also  has  a  low  rotation,  from  +  50°  to  +  60° 
and  also  contains  dill  apiol.  Schimmel  &  Co.  have  found  a 
large  amount  of  phellandrene  in  a  sample  of  English,  and  also 
in  Spanish  oil.  Apart  from  this,  the  only  known  constituents, 
are  limonene  and  carvone,  with  traces  of  a  solid  body,  possibly 
a  paraffin  hydrocarbon,  and,  in  Indian  oil,  dill  apiol  C12H1404. 
Pure  dill  oil  is  used  to  a  considerable  extent  in  pharmacy  as  a 
carminative. 

Fennel  Oil.— This  oil  is  distilled  from  the  fruit  of  several 
varieties  of  Foeniculum  vulgare,  which  is  found  all  over 
Europe  except  in  the  north  and 'north-east,  being  especially 
common  on  the  Mediterranean  littoral,  and  is  also  found 
^  in  Asia  Minor,  Persia,  India  and  Japan.  Two  oils  are 
recognised  in  commerce,  the  "sweet"  and  "bitter"  oils, 
the  former  being  more  esteemed.  The  sweet  fennel  is  said 
to  be  Foeniculum  sativum,  but  this  is  probably  only  a 
variety  of  the  common  wild  fennel.  The  yield  of  oil  obtained 
is  very  variable,  according  to  the  fruit  distilled.  In  general 
it'averages  from  2'5  to  4  per  cent.  In  the  ordinary  way, 
Galicia  and  Eoumania  furnish  some-  of  the  best  fennel  crops, 
and  from  their  fruit  a  large  portion  of  the  oil  of  commerce 
is  distilled.  The  great  variability  in  the  fruits  of  different 
districts  makes  it  necessary  to  fix  some  limits  for  the  phy- 
sical characters  of  the  oil,  which,  however,  may  be  exceeded 
in  individual  cases.  The  terpenes,  pinene,  phellandrene, 
dipentene  and  limonene,  have  all  been  detected  in  bitter  fennel 
oils,  and  the  ketone  fenchone,  and  anethol.  All  these  bodies, 
however,  may  not  occur  in  any  given  sample.  Upon  the 
presence  of  anethol  the  value  of  the  oil  chiefly  depends,  and 
the  solidifying  point  of  the  oil  is  therefore  a  fair  criterion 
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of  its  value,  if  the  oil  is  pure.  A  good  oil  will  contain  as 
much  as  60  per  cent,  of  anethol.  The  specific  gravity  should 
not  fall  below  "960  nor  above  '980,  and  the  optical  rotation 
should  vary  from  +  10°  to  +  25°.  The  solidifying  point  (see 
Oil  of  Aniseed)  should  not  fall  below  +  3°.  If  necessary 
the  crystalline  stearoptene  may  be  separated  and  examined, 
but  as  a  rule  added  solid  bodies  will  alter  the  other  characters 
of  the  oil.  The  oil  is  soluble  in  an  equal  volume  of  90  per 
•cent,  alcohol.  The  refractive  index  is  from  1-5250  to  1-5350. 
The  above  tests  will  guard  against  the  abstraction  of  anethol, 
or  the  addition  of  the  residue  of  oil  from  which  this  body  has 
been  abstracted. 

One  observer  gives  as  the  specific  gravity  and  optical 
rotation  of  the  oil  distilled  from  French  bitter  fennel,  "910 
to  '955  and  +  22°  to  +  48°  respectively.  Tardy,  however 
{Bull.  Soc.  Chim.,  xvii.,  p.  660),  has  examined  a  sample  of 
this  oil,  and  states  that  its  specific  gravity  is  1-007  at  0°,  and 
its  optical  rotation  +  18°  20'.  In  the  oil  he  found  pinene, 
dipentene,  cymene,  phellandrene  ('?),  c£-fenchone,  methyl- 
chavicol  and  anethol,  together  with  anise  aldehyde  and 
anisic  acid,  and  a  ketone  of  the  constitution — 

/OCH3 
C0H4< 

xcn2 .  CO  .  CH3 

Schimmel  &  Co.  have  examined  a  sample  of  Japanese  oil, 
a,nd  give  the  specific  gravity  as  '9754,  and  the  optical  rotation 
as  +  10°  3'.  Umney  gives  '9754  and  +  15°  5'  for  a  sample 
of  the  same  oil.  He  found  10'2  per  cent,  of  fenchone  in  the 
oil. 

Foeniculum  piperitum  yields  an  oil  (Sicilian  fennel  oil) 
of  specific  gravity  about  *950.  Water  fennel  oil  is  obtained 
from  the  plant  Phellandrium  aquaticum  (Oenanthe  phellan- 
drium),  the  fruit  of  which  yields  from  1  to  2  per  cent,  of  oil 
of  specific  gravity  -860  to  "890.    The  chief  constituent  of  the 
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oil  is  the  terpene  phellandrene,  but  other  constituents  are 
certainly  present,  although  not  yet  identified. 

The  sweet  Bom  an  fennel,  as  it  is  termed,  usually  contains 
much  anethol  and  little  or  no  fenchone.  It  has  an  optical 
rotation  of  about  +  7°  to  +  17°,  and  melts  at  10°  to  12°. 
Macedonian  fennel  yields  a  very  similar  oil.  Wild  bitter 
fennel,  growing  in  France,  Spain  and  Algeria,  yields  an  oil  of 
specific  gravity  O905  to  0925  and  an  optical  rotation  up  to 
+  50°.  It  is  practically  free  from  anethol.  Indian  fennel  oil 
has  a  specific  gravity  "970  and  an  optical  rotation  +  21°. 

Tardy  has  examined  an  Algerian  oil  of  specific  gravity 
0-991  and  optical  rotation  +  62°.  He  found  present :  pinene, 
phellandrene,  fenchone,  methyl-chavicol,  anethol,  a  sesqui- 
terpene and  a  little  thymohydroquinone.  Schimmel  &  Co. 
find  camphene  in  fennel  oil,  but  are  not  able  to  confirm  the 
presence  of  cymene.  Traces  of  basic  compounds  were  also 
detected. 

Cumin  Oil  or  Cummin  Oil  is  obtained  from  the  fruit  of 
Cuminum  cyminum,  a  native  of  Upper  Egypt  and  Ethiopia, 
but  cultivated  in  Arabia,  India,  China,  Malta,  Sicily,  etc. 
The  bulk  of  the  supply  of  commerce  is  obtained  from  Sicily, 
Malta,  Mogador  and  India.  The  yield  is  from  2'5  per  cent' 
to  4  per  cent,  of  a  light  yellow  oil  of  specific  gravity  -890 
to  -930  and  optical  rotation  +  4°  to  +  8°.  Distillates  of  high 
gravity  dissolve  in  3  volumes  of  80  per  cent,  alcohol,  but  low 
gravity  oils  require  8  to  10  volumes.  The  known  constituents 
of  this  oil  are  cymene  and  cumic  aldehyde  and  a  terpene  not 
yet  identified.  Wolpian  (Pharm.  Zeit.  fur  Russland,  1896,  p. 
97)  states  that  he  has  obtained  from  cumin  oil  a  fraction  boil- 
ing at  157°  to  158°,  which  was  a  terpene  which  he  could  not 
identify  with  any  known  terpene.  However,  it  is  doubtful 
whether  he  obtained  it  in  a  state  of  purity,  and  the  proposed 
name  hydrocuminene  appears  rather  premature,  as  no  deriva- 
tives were  prepared.    The  oil  is  not  used  very  extensively. 


350 


ESSENTIAL  OILS. 


Oil  of  Lovage. — The  ordinary  oil  of  lovage  is  obtained  by 
distilling  the  roots  of  Levisticum  officinale  with  steam,  the 
yield  being  under  1  per  cent.  The  oil  is  a  somewhat  dark 
"brown  viscous  liquid  of  specific  gravity  1-005  to  1-045,  and 
optical  rotation  from  +  2°  to  +  7°.  It  is  soluble  in  3  volumes 
of  80  per  cent,  alcohol.  Braun  (Arch,  Pharm.,  1897,  hi.,  p.  1) 
has  investigated  it,  but  he  did  not  succeed  in  characterising 
any  single  constituent  of  the  oil.  Schimmel  &  Co.  have-  de- 
tected terpineol  in  it,  but,  so  far,  the  other  constituents  are 
unknown.  The  fresh  herb  also  yields  from  -1  to  '2  per  cent, 
of  an  oil  of  specific  gravity  "905  to  '940  and  optical  rotation 
+  15°  to  +  45°.  The  fruit  yields  1  to  2  per  cent,  of  an  oil  of 
specific  gravity  -930  to  -940.  Lovage  oil  is  chiefly  employed 
in  liqueur  and  cordial  making. 

Celery  Oil. — All  parts  of  the  herb  Apium  graveolens,  the 
common  celery,  yield  essential  oils,  of  which  that  from  the 
seeds  is  most  valued.  Schimmel  &  Co.,  however,  state  that 
that  from  the  green  leaves  most  exactly  reproduces  the  natural 
celery  flavour.  The  oil  from  the  seed  is  obtained  to  the 
extent  of  about  3  per  cent.,  as  a  liquid  of  strong  celery  odour, 
having  a  specific  gravity  '870  to  '895  and  an  optical  rotation 
+  65°  to  +  80°.  The  chief  constituent  of  the  oil  is  dextro- 
limonene.  Ciamician  and  Silber  have  recently  (Berichte, 
1897,  p.  492)  examined  the  high  boiling  fractions  of  the  oil  and 
found  therein  traces  of  palmitic  acid,  guaiacol  and  a  crystalline 
substance  of  the  formula  C10H20O3,  melting  at  66°  to  67°.  In 
addition,  a  sesquiterpene  was  found,  and  two  bodies,  both 
acids,  of  a  peculiar  constitution,  sedanolic  and  sedanonic 
acids,  together  with  the  lactone  of  the  former,  sedanolide, 
which  appears  to  be  the  chief  odorous  constituent  of  the  oil. 
Sedanolic  acid  C12H20O3  is  a  crystalline  body  melting  at 
88°  to  89°,  and  is  easily  converted  into  its  lactone  sedanolide 
C12H1802.  Sedanonic  acid  C12H,sO:)  melts  at  113°,  and 
possibly  occurs  as  an  anhydride  in  the  oil.    These  two  acids 


SYSTEMATIC  STUDY  OP  THE  ESSENTIAL  OILS.  351 

are  nearly  related,  and  Ciamician  and  Silber  consider  that 
sedanolic  acid  is  ortfAo-oxyamyl-tetrahydrobenzoic  acid,  and 
that  sedanonic  acid  is  a  related  ketonic  acid.    The  following 
formulas  thus  express  the  relations  of  these  bodies : — 
CHjj  CH 

H2C      CH.CO.C4H9     H2C  C,CH(OH)C4Hq 

II  II 
H2C      C.COOH  H2C  CH.COOH 

\  ✓  \  / 

CH  CH2< 

Sedanonic  Acid.  Sedanolic  Acid. 

Sedanolide,  the  chief  odorous  constituent,  would  thus  be 
tetrahydrobutyl-phthalide  of  the  formula — 

CH 

/  \ 
H2C  C.CH.C4H9 
\ 
0 

/ 

H2C      CH .  CO 

\  / 
CH2 

A  closely  related  body,  phthalylisopropylidene,  and  its 
reduction  products,  were  prepared  artificially  and  found  to 
have  an  odour  much  resembling  celery. 

The  green  herb  yields  "1  per  cent,  of  an  oil  of  specific 
gravity  -848  to  '855  and  optical  rotation  +  45°  to  +  55°. 
Although  it  has  not  been  thoroughly  examined,  it  is  probable 
that  its  constituents  closely  resemble  those  of  the  seed  oil. 
The  oil  is  soluble  in  ten  parts  of  90  per  cent,  alcohol. 

Parsley  Oil.— KM  parts  of  the  common  parsley,  Petroseli- 
num  sativum,  yield  an  essential  oil,  of  which  that  from  the 
green  herb  itself  is  most  esteemed,  although  that  from  the 
seed  is  the  commoner  oil.  The  yield  from  the  seeds  is  from 
2  to  6  per  cent,  of  an  oil  of  specific  gravity  1-050  to  1*100.  It 
is  laevo-iot&ry  about  -  5°  to  -  10°.    The  two  well-ascertained 
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constituents  are  pinene  and  apiol.  If  the  oil  contains  more 
than  a  certain  quantity  of  the  latter  body  it  is  semi-solid  at 
ordinary  temperatures,  whilst  in  any  case  crystals  are  deposited 
on  exposure  to  cold.  German  oil  is  rich  in  apiol,  but  French 
oil  contains  very  little.  Apiol  is  prepared  from  the  oil  either 
as  a  thick  liquid,  or  in  the  purer  crystalline  condition,  and  is 
used  to  some  extent  in  medicine. 

The  oils  from  the  fresh  herb  and  root  resemble  that  from 
the  seed,  but  are  usually  dextro-rot&Ty.  Further,  the  herb 
oil  has  a  specific  gravity  as  low  as  '925  and  has  a  slight  dextro- 
rotation. 

Mourgnes  has  isolated  a  body  of  the  formula  C14H1S0  from 
parsley  oil,  which  he  has  named  cariol.  It  appears  to  be 
closely  related  to  myristicin.  Thorns  has  isolated  pinene, 
myristicin  and  isomyristicin  from  a  French  oil  of  parsley. 

Ajowan  oil  is  the  product  of  distillation  of  the  fruit  of  the 
herb  Ptychotis  Ajowan  (Garum  Ajowan),  a  plant  cultivated 
in  many  parts  of  Egypt,  Persia,  Afghanistan  and  Bengal. 
The  fruit  yields  from  3  to  4  per  cent,  of  oil  of  specific  gravity 
•900  to  '930,  with  a  slight  dextrorotation.  The  characteristic 
odour  of  the  oil  is  due  to  the  presence  of  from  40  to  50  per 
cent,  of  thymol.  In  addition,  cymene  and  probably  a  terpene 
are  present.  The  oil  itself  is  used  to  a  certain  extent  in  India 
for  medicinal  purposes,  but  its  principal  use  is  for  the  prepara- 
tion of  thymol.  According  to  Stohmann,  carvacrol  is  also 
present,  but  this  statement  requires  confirmation. 

Angelica  Oil. — All  parts  of  the  herb  Angelica  officinalis 
(Angelica  Archangelica)  yield  essential  oils,  of  which  the  best 
known  is  that  distilled  from  the  fresh  root.  The  plant  is  a 
native  of  Europe,  on  mountains  or  river  sides,  especially  in 
Lapland,  Sweden,  Norway,  Germany,  etc.  It  is  cultivated 
to  a  considerable  extent  in  Saxony,  but  is  comparatively  rare 
in  Britain.  Although  the  root  oil  is  that  mostly  used,  and 
held  in  high  esteem,  according  to  Schimmel  &  Co.  the  seed 
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oil  is  preferable  to  this.    Angelica  root  oil  is  a  light  yellow  or 
reddish  limpid  liquid  of  strong  aromatic  odour  and  pungent 
taste.  .  The  yield  from  roots  grown  in  the  Saxon  Erzgebirge 
is  about  1  per  cent,  of  oil.    The  specific  gravity  varies  from 
•854  to  -918,  that  from  the  dried  root  usually  having  a  higher 
specific  gravity  than  that  from  the  fresh  root.    The  optical 
rotation  varies  from  +  18°  to  +  36°,  usually  about  +  25°. 
The  refractive  index  is  about  1"4800.    On  long  standing 
crystals  are  deposited,  which  according  to  Giordani  have  the 
composition  C32H(i205,  and  melt  at  74°  to  77°.  Beilstein 
(Berichte,  1882,  p.  1741)  showed  that  the  oihcontains  one  or 
more  terpenes ;  Naudin  (Berichte,  1883,  p.  1382)  confirmed 
this,  and  Schimmel  &  Co.  have  showed  that  amongst  the 
lower  boiling  fractions  of  the  oil,  dextro-phellandrene  exists. 
Ciamician  and  Silber  (Berichte,  1896,  p.  1811)  showed  that  the 
crystalline  bodies  (of  which  they  separated  two)  existing  in 
the  oil  were  probably  oxyacid  anhydrides.  '  Hydrocarbons, 
probably  sesquiterpenes,  were  also  found,  which  distilled  at 
240°  to  270°,  and  oxypentadecylic  acid  C15H30O3.  Giordani 
also  isolated  methyl-ethyl-acetic  acid  from  the  oil.    The  oil 
obtained  from  the  seeds,  which  yields  about  1  per  cent.,  has  a 
specific  gravity  -856  to  "890,  and  an  optical  rotation  of  +  10° 
to   +  13°.     It  contains  phellandrene,  methyl-ethyl-acetic 
and  oxymyristic  acids.    The  oil  distilled  from  the  whole  fresh 
herb  has  a  specific  gravity  "869  to  -890,  and  an  optical  rotation 
+  8°  to  +  25°.    Japanese  angelica  root,  from  which  an  oil 
is  distilled,  is  from  Angelica  anomala  (Angelica  refracta  ?). 
The  oil,  which  is  obtained  to  the  extent  of  *1  to  -2  per  cent,  of 
the  root  used,  has  a  specific  gravity  -910  to  -915.    At  10°  it 
becomes  thick,  and  at  0°  it  solidifies  to  a  paste.    The  crystal- 
line mass  thus  deposited  consists  mainly  of  a  fatty  acid 
melting  at  62°  to  63°.    The  oil  distils  over  between  170°  and 
310° ;  the  last  fractions  have  a  blue-green  colour.    This  oil 

has  a  more  acrid  odour  than  the  Saxon  oil,  but  distinctly 

23 
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recalls  musk,  although  this  is  to  a  great  extent  covered  by  the 
other  and  less  pleasant  odour  of  the  oil.  The  chief  employ- 
ment for  angelica  oil  is  in  liqueur  making. 

Carrot  Oil. — The  seed  of  the  carrot,  Daucus  carota,  yields 
from  1  to  1'5  per  cent,  of  oil  of  specific  gravity  -870  to  "930  and 
optical  rotation  -  13°  to  -  40°.  The  oil  has  a  characteristic 
carrot  odour  and  contains  pinene  and  either  terpineol  or  cineol, 
possibly  a  mixture  of  both.  The  characteristic  body  respon- 
sible for  the  odour  of  this  oil  has  not  yet  been  identified. 

Ammoniacum  Oil  is  the  oil  obtained  by  distilling  the  gum 
resin  of  Dorema  ammoniacum  with  water.  The  yield  of  oil 
is  very  small,  usually  about  '3  per  cent.  The  oil  has  a  specific 
gravity  of  about  '890,  and  is  slightly  dextro-rotary.  It  distils 
between  250°  and  290°.    Its  composition  is  not  known. 

Asafoetida  Oil. — The  gum  resin  of  certain  species  of 
Ferula,  chiefly,  in  all  probability,  Ferula  Narthex  and  Ferula 
scorodosma,  both  perennial  herbs,  indigenous  to  Turkestan, 
Bokhara,  Western  Afghanistan  and  Cashmir,  yields,  when 
distilled  with  water,  about  3  to  4  per  cent,  of  a  somewhat 
foul-smelling  oil  of  specific  gravity  '975  to  "990  and  optical 
rotation  about  -  10°.  Semmler  has  investigated  this  oil, 
having  separated  by  fractional  distillation  under  reduced 
pressure  two  terpenes,  one  of  which  was  probably  pinene, 
and  a  sesquiterpene,  which  had  a  lavender-like  odour.  The 
remainder  of  the  oil  consists  chiefly  of  compounds  containing 
sulphur.  According  to  Brannt,  the  oil  contains  allyl  sulphide 
and  allyl  disulphide,  but  Semmler  denies  this.  Sulphur  com- 
pounds of  the  formulae  C7H14S2,  C10H2oS2,  C8Hl6S2  and 
C10H18S2  were  found,  together  with  an  oxygenated  body  of 
the  formula  C10H10O,  or  a  multiple  of  this. 

Galbanum  Oil  is  the  product  of  distillation  of  the  gum- 
resin  Peucedanum  galbanifiorum  and  probably  other  species 
indigenous  to  Persia.  From  12  to  24  per  cent,  of  oil  is 
obtained,  which  has  a  penetrating  odour  and  sharp  taste. 
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Its  specific  gravity  is  -910  to  "940,  and  its  optical  rotation 
from  -  5°  to  +  20°.  The  only  constituents  yet  identified  are 
pinene  and  cadinene. 

Opoponax  Oil. — The  oil  distilled  from  opoponax  resin,  as 
used  in  perfumery  to-day,  is  not  the  product  of  the  umbelli- 
ferous plant  Opoponax  Chironium.    It  will  be  noticed  later 

Heracleum  Oil.— The  ordinary  heracleum  oil  is  distilled 
from  the  fruit  of  Heracleum  sphondylium,  the  cow  parsnip. 
The  yield  is  from  1  to  3  per  cent,  of  an  oil  of  specific  gravity 
about  -860  to  -880,  and  slightly  dextro-rot&vy .  According  to 
Zincke,  it  contains  octyl  alcohol  C8H17OH  and  its  acetic 
ester  Cl0H  02  and  caproic  ester  C14H2802.  According  to 
Moslinger,  ethyl  butyrate  is  also  present ;  and  also  the  lauric 
acid  ester  of  octyl  alcohol,  and  some  hexyl  compounds  in  very 
small  quantities.  The  oil  of  Heracleum  giganteum  has  been 
examined  by  G-utzeit,  and  found  to  correspond  closely  with 
that  just  described.  Schimmel  &  Co.  give  the  following 
interesting  details  of  this  oil : — 

It  is  now  well  known  that  this  oil  is  obtained  from  the  fruit 
or  the  entire  umbellate  heads  of  Heracleum  sphondylium  L. 
A  distillate  which  we  have  obtained  from  the  dry  umbels 
from  which  the  fruit  had  been  removed,  is  for  this  reason 
interesting.  The  yield  of  oil  amounted  to  0-08  per  cent. 
The  odour  of  the  brownish  yellow  oil  differs  distinctly  from 
that  of  the  fruit.  dlb0  0*9273  ;  ad  -  0°  48' ;  acid  no.  16'2 ;  ester 
no.  148-6  ;  ester  no.  after  acetylation  195-9 ;  soluble  in  1-1  vol. 
80  per  cent,  alcohol ;  when  more  solvent  is  added  opalescence 
and  strong  separation  of  paraffin  occur.  For  comparison  we 
give  below  the  properties  of  two  oils  distilled  from  the  fruit 
only. 

1.  Yield  (compared  with  dry  material)  0-9  per  cent. ; 
d16o  0-8744 ;  ad  +  0°  38' ;  acid  no.  15*9  ;  ester  no.  215'4 ;  ester 
no.  after  acetylation  285 "3 ;  soluble  in  0"8  and  more  vol.  80 
per  cent,  alcohol ;  not  entirely  soluble  in  70  per  cent,  alcohol. 
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2.  Yield  (compared  with  dry  material)  1*21  per  cent. ; 
d15o  0-8798 ;  ad  +  1°  6' ;  acid  no.  7*3  ;  ester  no.  242'4 ;  ester 
no.  after  acetylation  276'3 ;  soluble  in  1  and  more  vol.  80  per 
cent,  alcohol. 

A  distillate  from  the  dry,  ripe  fruit  of  Heracleum  gigant- 
eum  L.  (yield  3'6  per  cent.)  behaved  as  follows  :  dVoo  0-8722  ; 
ad  +  1°  14';  acid  no.  1*6;  ester  no.  288'3;  ester  no.  after 
acetylation  314-2 ;  soluble  in  1  and  more  vol.  80  per  cent, 
alcohol.  The  colourless  oil  had  a  peculiar  odour,  similar  to 
that  of  common  heracleum  oil. 

Masterwort  Oil  is  distilled  from  the  root  of  Imperatoria 
ostruthium,  a  plant  indigenous  to  the  mountain  regions  of 
Southern  and  Central  Europe.  The  root  yields  about  1  per 
cent,  of  oil  of  characteristic  aromatic  odour,  which,  accord- 
ing to  Hirzel,  contains  bodies  resembling  terpene  alcohols. 
Wagner  states  that  angelic  aldehyde  is  present.  The  oil 
has  a  specific  gravity  about  "875,  and  distils  almost  entirely 
between  170°  and  190° 

Mew  Oil  is  obtained  from  the  root  of  Meum  athaman- 
ticum  to  the  extent  of  about  f  per  cent.  The  oil  has  a  specific 
gravity  of  just  over  l'OOO,  and  distils  between  170°  and  300°. 

Sumbul  Oil  or  Musk-root  Oil  is  obtained  from  the  dried 
root  of  Ferula  sumbul.  The  yield  of  oil  is  only  from  "2  to  '4 
per  cent.  Its  specific  gravity  is  *950  to  "965.  It  has  a  dis- 
tinct musk-like  odour,  and  in  India  the  root  of  Dorema 
ammoniacum  is  often  substituted  for  it  and  used  under  the 
name  of  sumbul  root  (see  ammoniacum  oil). 

Pastinuc  Oil  is  obtained  from  the  fruit  of  Pastinaca 
sativa.  The  yield  is  1"5  to  2'5  per  cent,  of  an  oil  of  specific 
gravity  '870  to  "890,  with  a  faint  laevo-rotation.  It  some- 
what resembles  heracleum  oil,  containing  ethyl  alcohol,  and 
propionic  and  butyric  acid  esters  of  octyl  alcohol. 

Haensel  has  recently  shown  that  heptylic  acid  is  a  normal 
constituent  of  the  oil. 
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Schimmel  &  Co.  have  distilled  pastinac  oil,  for  the  first 
time  from  cultivated  plants  (Pastinaca  sativa  L.)  from  the 
irrigated  fields  at  Miltitz.  They  submitted  separately  to  dis- 
tillation with  water  vapour,  the  ripe  dried  seeds,  the  umbels, 
and  the  roots  of  the  plants. 

1.  Oil  from  dry  seed  of  Pastinaca  sativa  L. — The  bright 
yellow  oil  obtained  in  a  yield  of  T47  per  cent,  had  the  follow- 
ing properties :  dlb°  0-8736;  ad  -  0°  9';nm°  1-43007;  acid 
no.  4'4 ;  ester  no.  240'6 ;  ester  no.  after  acetylation  276 ; 
soluble  in  2-|  and  more  vol.  80  per  cent,  alcohol. 

2.  Oil  from  dry  umbels  of  Pastinaca  sativa  L.— The  oil 
had  a  dark  brown  colour,  and  had  a  very  remote  odour  of  oil 
of  ambrette  seeds.  It  was  obtained  in  a  yield  of  0'3  per  cent. ; 
d15o  1-0168;  ad  -  0°  50';  nmo  1-50049;  acid  no.  4*2;  ester 
no.  62-9 ;  ester  no.  after  acetylation  86*2  ;  soluble  in  6'5  vol. 
80  per  cent,  alcohol,  with  separation  of  paraffin. 

3.  Oil  from  the  dry  roots  of  Pastinaca  sativa  L. — The 
bright  yellowish  oil,  which  in  odour  reminded  somewhat  of 
vetiver  oil,  was  obtained  in  a  yield  of  0-35  per  cent.,  and 
had  the  following  properties :  d150  1'0765 ;  ad  -  0°  10' ;  nd2Q0 
1*52502  ;  acid  no.  3'9  ;  ester  no.  126  ;  ester  no.  after  acetyla- 
tion 33'7  ;  not  completely  soluble  in  10  vol.  80  per  cent, 
alcohol;  soluble  in  0'6  and  more  vol.  90  per  cent,  alcohol. 

Peucedanum  Oil. — The  root  of  Peucedanum  officinale 
and  the  fruit  of  Peucedanum  grande  yield  small  quantities 
of  oil,  both  of  specific  gravity  about  -900  and  optical  rotation 
+  30°  to  +  35°  or  thereabouts. 

Pimpinella  Oil  is  obtained  from  the  dried  root  of  Pim- 
pinella  saxifraga.  Its  specific  gravity  is  -960.  It  has  an 
agreeable  parsley-like  odour,  and  commences  to  boil  at  about 
210  .    Its  constituents  are  not  known. 

Silaus  Oil  is  the  product  of  distillation  of  the  fruit  of 
Silaus  pratensis.  The  yield  is  1  to  1-5  per  cent,  of  a  slightly 
dextro-rotary  oil  of  specific  gravity  -980  to  -990- 
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N.  0.  Mybtace^e. 

Pimento  Oil  or  Allspice  Oil  is  distilled  from  the  fruit  of 
Pimenta  officinalis,  Linn.    {Eugenia  pimenta,  De  Candolle.) 
The  plant,  a  handsome  evergreen,  is  indigenous  to  the  West 
Indies,  being  found  especially  on  calcareous  soil  near  the 
coast  on  the  islands  of  Cuba,  Hayti,  Trinidad,  Domingo, 
Antigua,  the  Leeward  and  Windward  Islands,  and  in  abund- 
ance in  Jamaica.    The  berries  are  gathered  in  an  unripe 
condition,  as  when  ripe  they  are  filled  with  a  sweet  pulp 
lacking  the  characteristic  aroma  of  the  green  berry.  These 
unripe  berries,  dried  in  the  sun,  form  the  pimento  of  com- 
merce, and  Jamaica  alone  exports,  chiefly  from  the  port  of 
Kingston,  about  £50,000  worth  per  annum.    The  fruit,  which 
is  about  the  size  of  a  small  pea  or  large  peppercorn,  has  an 
aromatic  odour  somewhat  recalling  cinnamon,  nutmeg  and 
pepper,  with  a  predominating  odour  of  cloves.    This  explains 
the  origin  of  the  name  allspice.    It  yields  from  3  to  4|  per 
cent,  of  oil  on  distillation,  of  a  dark  reddish  colour  and  of 
the  same  aromatic  odour  as  the  fruit.    So  far  the  well-ascer- 
tained constituents  are  the  phenol  eugenol  with  small  quan- 
tities of  cineol,  laevo-phellandrene,  caryophyllene,  eugenol 
methyl  ether  and  palmitic  acid.    The  eugenol  is,  of  course, 
responsible  for  the  clove-like  odour  of  the  oil,  and  the  other 
bodies,  together  with  one  or  more  as  yet  unknown  con- 
stituents, modify  the  characteristic  odour  of  the  oil.    A  cer- 
tain amount  of  resin,  due  no  doubt  to  the  unstable  nature  of 
some  of  the  constituents,  is  usually  present.     The  actual 
amount  of  eugenol  in  the  oil  is  best  estimated  by  Thorn's 
process  (see  Oil  of  Gloves),  and  the  remarks  made  in  the 
monograph  on  oil  of  cloves  on  this  estimation,  apply  here. 
The  specific  gravity  of  the  oil  is,  to  an  extent,  an  indication 
of  the  amount  of  eugenol  present,  and  should  vary  between 
1*025  and  1*055.    The  British  Pharmacopoeia,  in  which  this 
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oil  is  official,  states  that  the  specific  gravity  should  not  fall 
below  1'040.  The  oil  is  laevo-rotary,  but  never  exceeds  -  4°, 
usually  about  -  2°.  It  is  easily  soluble  in  90  per  cent,  alcohol 
and  in  twice  its  volume  of  70  per  cent,  alcohol.  Bugenol 
boils  at  247°,  consequently  the  fraction  245°  to  250°  should  be 
considerable — in  genuine  oils  not  below  60  per  cent.,  usually 
70  per  cent,  or  over.  The  amount  of  eugenol,  as  estimated 
by  Thorn's  process  (see  Oil  of  Gloves),  should  not  be  less  than 
65  per  cent. ;  and  the  residue  not  absorbed  by  caustic  potash 
solution  should  not  exceed  25  per  cent. 

Pimento  leaves  yield  an  oil  of  specific  gravity  0'889  and 
optical  rotation  -  1°.    It  contains  citral. 

This  oil  is  used  almost  entirely  as  a  flavouring  agent, 
and  it  may  be  noted  that  the  odour  of  the  pure  oil  imported 
into  this  country  is  quite  as  fine,  if  not  finer,  than  that 
•   distilled  here. 

Oil  of  Cloves. — The  clove  tree  is  a  beautiful  evergreen, 
indigenous  to  the  Molucca  Islands.  It  is  cultivated  in  several 
of  the  islands  to  the  south  of  the  Moluccas,  and  in  Sumatra, 
Penang,  Malacca,  Madagascar,  the  Seychelles,  Bourbon, 
Mauritius,  the  West  Indies,  Zanzibar,  and  Pemba.  our  chief 
supply  coming  from  the  two  last-named  islands.  The  tree 
is  Eugenia  caryophyllata  (Caryophyllus  aromaticus,  Linn.), 
and  most  parts  of  the  tree  have  a  very  aromatic  odour.  The 
spice  we  know  as  cloves  consists  of  the  dried  unexpanded 
flower  buds,  which  are  used  in  the  distillation  of  the  oil. 
The  flower  stems  are  also  used,  but  the  oil,  although  of  very 
similar  character,  is  not  of  so  fine  an  aroma.  As  a  spice 
Penang  cloves  fetch  the  highest  price,  but  Zanzibar  cloves 
are  highly  esteemed  in  commerce ;  it  must  be  remembered, 
however,  that  the  majority  of  "  Zanzibar "  cloves  in  reality 
come  from  the  adjacent  island  of  Pemba.  A  sophistication 
sometimes  practised  on  this  article  is  the  addition  to  the 
natural  clove  of  spent  cloves  from  which  the  oil  has  been 
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distilled,  the  latter  of  course  being  quite  valueless  as  a  spice. 
Few  plants  yield  so  much  essential  oil  as  does  the  clove. 
Genuine  buds  seldom  yield  under  15  per  cent.,  often  as  much 
as  18  or  19  per  cent.  The  flower  stems,  however,  only  yield 
about  6  per  cent. 

The  most  important  constituent  in  oil  of  cloves  is  the 
phenol  eugenol,  upon  the  amount  of  which  the  oil  is  regularly 
valued.  It  is  present  to  the  extent  of  from  80  to  over  90  per 
cent.  In  addition  to  this  body  the  sesquiterpene  caryophyllene, 
esters  of  eugenol,  methyl  alcohol,  furfurol  and  traces  of  an 
aldehyde  not  yet  identified  have  been  found  in  this  oil. 
Heine  states  that  traces  of  naphthaline  are  also  present. 
This  has  been  confirmed  by  the  author.  Traces  of  salicylic 
acid  are  present,  probably  in  the  form  of  eugenol  ester.  Amyl- 
methyl-ketone  is  present  in  very  small  amount;  and  probably 
traces  of  methyl  benzoate.  Traces  of  caryophyllin  (C10H16O4) 
are  probably  also  present  (Monats.  fur  Chemie,  1905,  379). 
Pure  clove  oil  has  high  refractive  index,  never  falling  below 
P5280,  and  usually  reaching  P5320. 

The  high  specific  gravity  is  indicative  of  the  high  eugenol 
content,  but  the  presence  of  the  bodies  above  mentioned  does 
not  allow  of  the  percentage  of  eugenol  being  exactly  propor- 
tional to  the  specific  gravity,  as  it  would  be  if  no  other  body 
but  caryophyllene  were  present.    The  approximate  propor- 
tions of  the  two  chief  constituents  however  may  be  judged  by 
the  fact  that  pure  caryophyllene  has  a  specific  gravitj^  of 
about  '908,  whilst  that  of  eugenol  is  1'070.    Pure  clove  oil 
(from  buds)  has  a  specific  gravity,  according  to  the  British 
Pharmacopoeia,  of  at  least  P050.    The  author  has  found  a 
slightly  lower  gravity  in  an  absolutely  pure  sample  drawn  by 
one  of  the  most  reputable  drawers  in  England.     1'048  to 
1'065  will  be  found  to  cover  all  genuine  samples,  except 
those,  of  course,  which  are  specially  rectified  to  ensure  a 
higher  eugenol  content,  when  the  specific  gravity  approaches 
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1"070.  Occasionally,  especially  in  an  oil  distilled  from 
amboyna  cloves,  the  specific  gravity  will  fall  to  T046  and 
the  eugenol  value  (by  absorption)  to  79  per  cent.  The  oil  is 
faintly  laevo-rotary,  but  never  exceeds  -  1°  30' ;  usually  it  is 
under  -  1°.  These  characteristics,  together  with  an  estima- 
tion of  the  eugenol,  are  quite  sufficient  to  control  the  purity 
of  the  oil. 

Several  methods  have  been  suggested  for  the  determination 
of  the  eugenol,  none  of  which  give  absolutely  accurate  results, 
but  from  them  useful  comparative  results  may  be  obtained. 
Umney  suggested  the  absorption  of  the  eugenol  in  a  Hirsch- 
sohn  flask,  as  used  for  the  examination  of  ■  cassia  oil,  with 
a  10  per  cent,  solution  of  caustic  potash.    This  strength  was 
found  to  be  too  high,  and  a  5  per  cent,  solution  is  now  pre- 
ferred.    The  mnabsorbed  portion  has  a  specific  gravity  of 
about  0-910,  so  that  this  should  be  allowed  for,  since  the 
eugenol  has  a  much  higher  specific  gravity.    Spurge  prefers 
to  saponify  the  esters  first,  and  to  make  an  allowance  for  them, 
but  if  a  5  per  cent,  solution  be  used,  this  method  without 
any  such  allowance  gives  a  close  approximation  to  the  total 
amount  of  eugenol,  both  free  and  combined  being  reckoned  as 
eugenol.    The  globules  of  uncombined  hydrocarbons  have  a 
great  tendency  to  stick  round  the  top  of  the  flask  and  require 
some  "coaxing"  to  rise  and  agglomerate  in  the  neck  of  the 
flask.    Heat  will  accelerate  and  assist  this  however.  But 
the  source  of  error  lies  in  the  fact  that  the  aqueous  solution 
of  potash  and  potassium  eugenate  dissolves  some  of  the  ses- 
quiterpene, which  is  thus  reckoned  as  eugenol,  and  a  too  high 
result  is  obtained.   The  process  proposed  by  Thorn,  although 
more  tedious,  gives  more  exact  results.    This  depends  on  the 
conversion  of  the  eugenol  into  benzoyl  eugenol.  The  following 
are  the  details,  which  should  be  carefully  observed  in  order  to 
secure  accurate  results  : — 

About  5  grammes  of  clove  oil  are  weighed  into  a  beaker  of 
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about  150  c.c.  capacity,  20  grammes  of  15  per  cent,  sodium 
hydroxide  solution  added,  and  then  6  grammes  benzoyl  chlo- 
ride. On  stirring,  the  solid  mass  of  eugenol  sodium  salt  at  first 
formed  goes  into  solution  again  as  it  is  converted  into  benzoic 
ester,  with  evolution  of  much  heat.  In  the  course  of  a  few 
minutes  the  reaction  ends,  and  on  cooling  a  solid  crystalline 
mass  of  benzoyl  eugenol  is  obtained.  To  this,  50  c.c.  water 
is  added,  and  the  whole  warmed  on  a  water  bath  until  the 
ester  is  completely  melted  to-  an  oil,  well  stirred,  cooled,  and 
the  clear  supernatant  aqueous  solution  filtered  off.  The 
crystalline  mass  is  again  washed  with  two  successive  quan- 
tities of  50  c.c.  water,  and  the  resulting  impure  benzoyl 
eugenol  is  recrystallised  from  alcohol,  due  allowance  being 
made  for  its  solubility  in  that  medium.  25  c.c.  of  hot  alcohol 
(90  per  cent,  by  weight  strength)  are  poured  through  the 
filter  employed  in  the  previous  washing  operations,  in  order 
to  dissolve  any  adherent  crystals,  into  the  beaker,  and  the 
whole  warmed  upon  the  water  bath  until  complete  solution 
is  effected.  The  solution  is  then  cooled  to  17°  C,  and  the 
crystalline  precipitate  thrown  upon  a  small  weighed  filter 
paper,  filtered  into  a  25  c.c.  cylinder,  and  washed  with  90  per 
cent,  alcohol  until  the  filtrate  exactly  measures  25  c.c.  The 
filter  and  crystals  are  then  removed  to  a  weighing  bottle,  dried 
at  100°  C.  until  constant,  and  then  weighed.  From  the  total 
weight  the  weights  of  the  filter  paper  and  of  the  weighing 
bottle  are  deducted,  from  which  the  benzoyl  eugenol  is  calcu- 
lated. To  the  latter  weight  0'55  grammes  are  added,  being 
the  weight  of  pure  benzoyl  eugenol  dissolved  by  25  c.c.  90 
per  cent,  alcohol  at  17°  C.  as  determined  by  experiment. 

This  final  quantity  gives  the  amount  of  benzoyl  eugenol, 
from  which  the  amount  of  eugenol  is  easily  calculated, 
eugenol  having  the  formula  C10H12O2,  and  benzoyl  eugenol 

C17Ha60Sj  so  that  ]^  x  100  =  the  percentage  of  eugenol, 
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if  x  equals  the  weight  of  benzojd  eugenol  obtained,  and  y  the 
weight  of  oil  used  in  the  estimation.  Under  these  circum- 
stances the  eugenol  content  should  not  fall  below  75  per 
cent.,  or  if  estimated  by  absorption  with  potash  not  below 
82  per  cent.,  usually  from  85  to  90  per  cent. 

Thorn  has  recognised  the  inaccuracy  of  the  foregoing,  and 
now  recommends  the  following  process.    It  consists  in  heat- 
ing 5  grammes  of  the  oil  in  a  water  bath  with  20  c.c.  of  a  15  per 
cent,  soda  solution  for  30  minutes.    After  allowing  the  hydro- 
carbons to  separate,  the  eugenol  soda  solution  is  run  off,  and 
the  hydrocarbons  washed  with  dilute  soda  solution  twice,  the 
washings  being  added  to  the  original  soda  solution.  The 
reaction  is  now  effected  at  water  bath  temperature  with  6 
grammes  of  benzoyl  chloride.    The  whole  is  allowed  to  cool, 
and  the  crystalline  mass  transferred  to  a  beaker  with  55  c.c. 
of  water.    It  is  heated  in  order  to  melt  the  crystals,  and  well 
agitated  with  the  water  to  wash  the  benzoyl  eugenol.  This 
washing  is  repeated  twice.    The  crystalline  mass  is  then 
transferred  to  a  beaker  with  25  c.c.  of  90  per  cent,  alcohol, 
and  warmed  till  complete  solution  takes  place.    The  solution 
is  allowed  to  stand  till  the  bulk  of  the  crystals  have  separated 
out,  and  is  cooled  to  17°  and  filtered  through  a  paper  9  cm. 
in  diameter,  previously  dried  and  tared.    The  filtrate  measures 
about  20  c.c.  and  the  crystals  are  washed  with  more  alcohol 
until  it  measures  25  c.c.    The  paper  and  crystals  are  then 
dried  in  a  weighing  glass  and  weighed,  the  temperature  of 
drying  being  not  more  than  101°  C.    The  solubility  allowance 
for  25  c.c.  of  alcohol  is  0'55  gramme.    The  total  eugenol  is 
calculated  from  the  formula 


67  b 

where  P  is  the  percentage,  a  the  weight  of  benzoyl  eugenol 
obtained,  and  b  is  the  weight  of  clove  oil  used. 

Verley  &  Bolsing  propose   the   following  method.  It 
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depends  on  the  fact  that  acetic  and  other  anhydrides  react 
with  phenols  in  excess  of  pyridine.  Eugenol  reacts  readily 
forming  eugenyl  acetate  and  acetic  acid,  the  latter  combining 
with  pyridine  to  form  pyridine  acetate.  This  compound  re- 
acts towards  indicators  such  as  phenol-phthalein  in  the  same 
way  as  acetic  acid  and  therefore  a  titration  is  possible.  Verley 
&  Bolsing  use  from  1  to  2  grammes  of  the  oil,  which  is  placed 
in  a  200  c.c.  flask,  and  25  c.c.  of  a  mixture  of  acetic  anhydride 
(15  parts)  and  pyridine  (100  parts).  The  mixture  is  heated 
for  30  minutes  on  a  water  bath,  the  liquid  cooled,  and  25  c.c. 
of  water  added.  The  mixture  is  well  shaken  and  titrated  with 
normal  potash,  using  phenolphthalein  as  indicator.  A  blank 
experiment  is  carried  out  without  the  eugenol,  and  the  differ- 
ence between  the  titration  figures  in  c.c.  of  normal  alkali, 
multiplied  by  0'582,  gives  the  amount  of  eugenol  in  the  sample 
taken. 

As  the  boiling  points  of  eugenol  and  caryophyllene  are 
both  high,  no  appreciable  portion  of  the  oil  should  distil 
below  245°,  or  even  a  few  degrees  higher.  These  tests  will 
ensure  the  presence  of  a  due  proportion  of  eugenol,  a  point 
very  necessary  to  take  into  account,  because  of  the  frequent 
abstraction  of  part  of  the  eugenol,  which  is  used  in  the 
manufacture  of  vanillin,  or  sold  as  pure  eugenol.  Absence  of 
turpentine  of  petroleum  is  further  ensured  by  the  ready  solu- 
bility of  the  oil  in  90  per  cent,  alcohol.  The  oil  from  clove 
stems  does  not  appreciably  differ  in  its  chemical  composition 
from  the  above  although  its  aroma  is  less  delicate  and  it  con- 
tains rather  less  eugenol.  The  oil  is  used  to  a  certain  extent 
in  pharmacy,  but  to  a  much  larger  extent  in  the  preparation 
of  liqueurs  and  in  perfumery,  and  has  a  very  large  commercial 
importance. 

Schimmel  &  Co.  give  the  following  analyses  of  samples  of 
clove  oil : — 
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An  oil  distilled  from  clove  leaves  in  the  Seychelles  had  the 
following  properties  :  specific  gravity  1-049,  optical  rotation 
-  1°  40',  refractive  index  1*5333,  eugenol  87  per  cent. 

Oil  of  Bay.— This  oil  is  the  product  of  distillation  of  the 
leaves  of  Pimento,  acris  (Eugenia  acris)  and  probably  other 
closely  allied  species,  plants  flourishing  in  the  West  Indies.  It 
is  frequently  described  as  being  derived  from  Myrcia  acris,  but 
there  is  a  doubt  whether  this  is  identical  with  Pimenta  acris. 
The  most  prized  oil  comes  from  St.  Thomas.  The  yield  of 
oil  obtained  is  from  2  to  3  per  cent.,  and  according  to  Markoe 
{Pharm.  Jour.  [3],  viii.,  p.  1005)  the  oil  comes  over  in  two 
portions,  firstly,  a  light  oil  which  distils  over  rapidly,  then 
a  heavy  oil  distilling  over  more  slowly.  This  of  course 
means  nothing  more  than  that  there  are  constituents  of  bay 
oil  which  have  widely  different  boiling  points.  The  fact  that 
the  United  States  Pharmacopoeia  of  1880  gave  the  specific 
gravity  of  bay  oil  as  about  T040,  caused  the  heavier  fractions 
to  appear  in  commerce  under  that  name.  Pure  normal 
distillates,  however,  have  a  specific  gravity  of  '965  to  '995, 
and  oils  with  a  higher  specific  gravity  must  be  regarded  as 
suspicious,  being  possibly  adulterated  with  oil  of  cloves  or 
oil  of  pimento.  Occasionally  distillates  with  a  specific  gravity 
of  1*020  or  thereabouts  are  found  with  phenol  values  of  65  to 
75  per  cent.,  but  these  are  rare. 

The  oil  is  slightly  laevo-rotary,  but  should  not  exceed  -  2°. 
Freshly  distilled  oil  is  soluble  in  1  volume  of  90  per  cent, 
alcohol,  but  old  oils  are  not  so,  on  account  of  the  alterations 
in  the  olefenic  terpene,  myrcene,  which  is  present  in  the  oil. 
The  percentage  of  phenols  (see  Oil  of  Gloves)  is  an  important 
factor  in  the  valuation  of  the  oil.  In  a  genuine  oil  this  figure 
should  not  fall  below  60  per  cent.,  when  determined  by  absorp- 
tion by  5  per  cent,  potash  solution.  The  1880  United  States 
Pharmacopoeia  provided  the  following  test  to  guard  against 
adulteration  with  oils  of  cloves  and  pimento.    "If  to  three 


SYSTEMATIC  STUDY  OF  THE  ESSENTIAL  OILS.  367 

drops  of  the  oil,  contained  in  a  small  test  tube,  five  drops  of 
concentrated  sulphuric  acid  be  added,  and,  after  the  tube  has 
been  corked,  the  mixture  be  allowed  to  stand  for  half  an  hour, 
a  resinous  mass  will  be  obtained.  On  adding  to  this  mass 
4  c.c.  of  diluted  alcohol,  vigorously  shaking  the  mixture  and 
gradually  heating  to  the  boiling  point,  the  liquid  should  remain 
nearly  colourless,  and  should  not  acquire  a  red  or  purplish-red 
colour." 

Our  knowledge  of  the  chemistry  of  this  oil  is  chiefly  due  to 
Mittmann  {Arch.  Pharm.,  xxvii.,  p.  529),  who  first  thoroughly 
investigated  the  oil,  and  to  Power  and  Kleber,  who  cleared  up 
several  points  left  in  an  obscure  state  by  the  first-named 
chemist.  According  to  Mittmann,  pinene  and  probably  dipen- 
tene  are  present,  together  with  the  principal  constituent 
eugenol,  and  its  methyl  ether.  He  also  believed  a  diterpene 
to  be  present,  but  this  was  probably  formed  by  polymerisation 
during  the  distillations  he  effected.  Power  and  Kleber  do  not 
agree  that  either  pinene  or  dipentene  are  present,  but  state 
that  the  only  terpene  is  Zaevo-phellandrene.  The  oxygenated 
compounds  which  these  chemists  state  they  have  identified 
are  eugenol,  methyl-eugenol,  chavicol,  methyl-chavicol  and 
citral.  In  addition  to  this  they  found  a  hydrocarbon  of  the 
formula  C10H16  with  the  abnormally  low  specific  gravity  -802. 
This,  as  well  as  other  considerations,  exclude  the  probability 
of  this  hydrocarbon  being  an  ordinary  terpene,  and  the 
chemists  above  named  term  it  myrcene,  and  it  is  now  recog- 
nised as  an  olefenic  compound. 

The  oil  is  sometimes  adulterated  with  oils  of  cloves  and 
pimento,  which  cause  an  increase  in  the  specific  gravity,  and 
should  be  tested  for  as  given  above.  Turpentine  is  also 
added  at  times.  This  alters  the  optical  rotation  and  specific 
gravity,  and  if  the  oil  be  distilled  in  a  small  fractionating 
flask  the  bulk  of  the  turpentine  is  obtained  in  the  early 
fractions.    Assuming  that  pinene  is  not  present  at  all  in  oil 
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of  bay,  turpentine  may  be  detected  by  adding  to,  say,  the  first 
10  per  cent,  distilled,  an  equal  volume  of  amyl  nitrite  and  two 
volumes  of  glacial  acetic  acid.  The  mixture  is  kept  cold  in 
ice  and  salt,  and  a  mixture  of  equal  parts  of  glacial  acetic  acid 
and  hydrochloric  acid  is  added  drop  by  drop  so  long  as  a  blue 
colour  is  developed.  If  pinene  is  present  a  white  crystalline 
precipitate  of  pinene  nitroso-chloride  C10H16NOC1  is  formed. 
10  per  cent,  of  turpentine  can  be  detected  with  certainty  in 
this  way.  The  oil  should,  when  freshly  prepared,  also  be 
easily  soluble  in  90  per  cent,  alcohol,  and  when  kept  for  some 
time  should  be  soluble  with  a  slight  turbidity.  This  oil  is 
largely  employed  in  perfumery,  especially  in  the  preparation 
of  the  favourite  toilet  article,  bay  rum.  It  must  not  be 
confounded  with  the  oil  of  Californian  bay. 

Eucalyptus  Oil. — The  oils  distilled  from  the  leaves  of  the 
various  species  of  this  enormous  genus  of  the  Myrtacece  are  N 
in  many  cases  so  dissimilar  that  the  generic  term,  eucalyptus 
oil,  is  meaningless  unless  the  species  is  quoted.  Several 
species,  however,  yield  oils  which  are  very  similar  to  each 
other,  and  on  this  basis  the  British  Pharmacopoeia  describes 
as  eucalyptus  oil  the  product  obtained  from  Eucalyptus 
globulus  and  other  species,  giving  definite  characters  of  the 
oil,  the  'two  chief  of  which  are  the  presence  of  a  due 
proportion  of  cineol  (eucalyptol)  and  the  absence  of  appreci- 
able quantities  of  the  terpene  phellandrene.  The  great 
variability  in  the  oil  from  different  trees  will  make  it 
convenient  to  deal  with  this  oil,  firstly  with  reference  to 
pharmacopoeial  oil,  and  afterwards  with  especial  reference 
to  the  characters  of  the  oils  from  those  trees  which  in 
many  cases  are  in  no  way  similar  to  "  Eucalyptus  oil, 
British  Pharmacopoeia  ".  It  is  now  pretty  well  settled  that 
whatever  medicinal  value  this  oil  has— and  it  has  been,  and 
still  is,  used  to  a  very  large  extent  as  a  prophylactic  against 
influenza — is  due  to  the  presence  of  cineol,  or,  as  it  was 
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originally  known,  eucalyptol.    The  British  Pharmacopoeia, 
1885,  had  not  entirely  recognised  this,  and  allowed  oils  to  be 
used  officially  which  might,  and  often  did,  contain  very  little 
eucalyptol.    The  1898  Pharmacopoeia,  however,  limits  the 
specific  gravity  to  "910  to  "930,  which  ensures  a  high  per- 
centage of  cineol,  which  has  a  specific  gravity  of  "930,  the 
terpene  phellandrene  having  a  specific  gravity  of  '860,  or 
thereabouts.    The  optical  activity  of  the  official  oil  is  now 
limited  to  the  extremes  +  10°  and  -  10°,  and  as  cineol  is  the 
optically  inactive  constituent  of  the  oil,  and  the  terpene  is 
highly  active,  a  due  proportion  of  the  former  body  is  here 
again  ensured.     A  positive  test,  however,  is  also  given, 
although  in  such  loose  and  vague  language  that  it  would 
bear  considerable  improvement.     Scammell,  of  Adelaide, 
has  patented  a  method  for  the  preparation  of  pure  cineol, 
dependent  on  the  fact  that  this  body  forms  a  crystalline 
compound  with  phosphoric  acid,  which  is  decomposed  by 
water,  liberating  the  pure  cineol.    The  Pharmacopoeia  re- 
quires that  the  oil  shall  become  semi-solid  when  mixed  with 
syrupy  phosphoric  acid.    The  presence  of  more  than  small 
quantities  of  phellandrene  is  guarded  against  by  the  well- 
known  nitrite  reaction,  which  is  as  follows  :  to  2  c.c.  of 
the  oil  dissolved  in  4  c.c.  of  glacial  acetic  acid,  3  c.c.  of  a 
saturated  solution  of  sodium  nitrite  is  added,  witb  constant 
stirring,  the  oil  being  kept  cold.    The  oil  should  remain 
liquid  in  the  absence  of  phellandrene.    Although  none  of 
these  requirements  in  itself  forms  a  direct  quantitative  con- 
trol of  the  amount  of  cineol  present,  taken  together  they 
effectively  prevent  any  oil  which  contains  less  than  about 
50  per  cent,  of  cineol  from  being  used  officially.    In  the 
author's  opinion  the  specific  gravity  limits  are  too  stringent. 
He  has  examined  a  large  number  of  eucalyptus  oils  with 
cineol  contents  of  45  to  52  per  cent.,  which  corresponded  with 

the  above  requirements  in  every  respect  except  that  the 

24 
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specific  gravity  was  "906  to  '910.  The  lower  limit  might 
well  have  been  fixed  at  "905. 

The  quantitative  determination  of  the  cineol  present  is  a 
matter  of  importance.  The  earlier  attempts  in  this  direction 
gave  distinctly  too  low  results.  The  chief  method  adopted 
was  a  series  of  fractionations,  retaining  all  those  fractions 
distilling  between  173°  and  190°,  cooling  them  to  -  15°, 
filtering  off  the  still  liquid  portion,  retaining  the  crystals  of 
cineol,  refractionating  the  liquid  portions  and  again  freezing, 
subsequently  weighing  the  crystallised  cineol.  An  average 
loss  of  about  10  per  cent.,  in  the  author's  opinion,  takes  place 
in  this  process,  assuming  the  oil  to  contain  50  to  60  per 
cent,  of  cineol.  Scammell's  process  above-mentioned  has  been 
more  successfully  applied  to  the  quantitative  determination 
of  cineol,  and  yields  the  most  satisfactory  results  so  far, 
although  an  error  of  several  per  cent,  is  scarcely  avoidable. 

There  is  some  diversity  of  opinion  on  this  matter,  some 
chemists  maintaining  that  a  very  close  result  is  obtained,  others 
that  very  large  errors  occur.  In  the  author's  opinion,  in  the 
hands  of  a  careful  worker,  results  accurate  to  within  3  per 
cent,  can  be  obtained,  so  long  as  the  cineol  content  is  not 
below  40  per  cent.  If  the  amount  of  cineol  is  lower  than 
this,  the  method  is  inapplicable,  and  the  oil  must  previously 
be  fractionated. 

To  a  known  weight  of  oil  from  1  to  H  times  its  weight 
of  phosphoric  acid  of  specific  gravity  1'75  should  be  added, 
drop  by  drop,  the  oil  being  kept  cold  and  continually 
stirred.  The  crystalline  magma  formed  is  pressed  between 
filter  paper,  after  as  much  as  possible  has  drained  off ;  and 
when  the  adherent  terpenes  and  phosphoric  acid  have  been 
removed  as  far  as  possible,  the  crystals  are  decomposed  by 
hot  water  in  a  graduated  tube.  On  cooling,  the  cineol  is 
measured,  and  from  its  specific  gravity  ("930)  the  weight  is 
easily  calculated.    The  separated  cineol  should  readily  crys- 
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tallise  on  cooling  to  -  3°,  otherwise  it  must  be  regarded  as 
impure  and  the  process  repeated.  Oils  rich  in  cineol  yield  a 
correspondingly  high  fraction  distilling  between  170°  and  190°. 

The  American  Pharmacopoeia  directs  that  the  oil  is  to 
be  first  diluted  with  petroleum  ether,  before  treatment  with 
phosphoric  acid. 

Schimmel  &  Co.  recommend  the  absorption  of  the  cineol 
by  a  40-50  per  cent,  solution  of  resorcin  in  water,  and  reading 
the  unabsorbed  portion  in  the  neck  of  a  Hirschsohn  flask. 
Although  this  method  gives  approximately  accurate  results 
in  some  cases,  there  is  no  doubt  that  the  other  constituents 
of  the  oil  are,  at  times,  the  cause  of  a  serious  error  in  the 
absorption,  and  the  really  accurate  determination  of  cineol  is 
as  yet  an  unsolved  problem. 

The  great  uncertainty  regarding  the  term  "eucalyptus 
oil"  would  be  done  away  with  by  making  the  active  in- 
gredient, cineol  or  "eucalyptol"  official  in  place  of  the  oil. 
Its  characters  are  well  denned,  and  the  article  is  easily  made, 
and  is  a  regular  commercial  product. 

The  chemistry  and  botany  of  this  genus  of  the  natural 
order  Myrtacece  require  far  more  space  than  is  available  in 
the  present  work,  to  be  dealt  with  thoroughly,  consequently 
brief  notes  on  the  different  species  can  only  be  given  here.  For 
fuller  information  the  reader  is  referred  to  the  late  Baron  von 
Muller's  classic  monograph  Eucalyptographia  and  to  the 
numerous  monographs  of  Baker  and  Smith  published  in  the 
Proceedings  of  the  Boyal  Society  of  New  South  Wales  during 
the  past  ten  years.  The  majority  of  the  species  are  natives  of 
Australia  and  Tasmania.  A  few  occur  in  New  Zealand  and 
in  certain  of  the  islands  of  the  Indian  Archipelago,  and  a  fair 
quantity  of  oil,  especially  from  Eucalyptus  globulus,  is  now 
obtained  from  Algiers,  California  and  the  South  of  France 
and  Spain.  The  chief  species  whose  oils  have  been  examined 
are  the  following  : — 
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Eucalyptus  amygdalina. — This  is  the  "narrow-leaved 
peppermint "  or  "  brown  "  or  "  white  "  peppermint  of  Victoria, 
and  is  also  found  in  South  Australia,  Tasmania,  Victoria,  and 
New  South  Wales.  It  is  not  found  in  Western  Australia 
however.  It  is  an  abundant,  indeed  one  of  the  most  abun- 
dant yielders  of  oil,  as  much  as  4  per  cent,  being  sometimes 
obtained  from  the  leaves.  It  is  one  of  the  most  colossal  trees 
known,  often  reaching  a  height  of  300  and  sometimes  450 
feet.  At  one  time  the  oil  was  much  esteemed,  but  as  it 
contains  very  little  cineol  it  has  fallen  into  disfavour,  and 
now  commands  a  very  low  price.  The  oil,  which  is  not  par- 
ticularly pleasant  in  odour,  has  a  specific  gravity  of  '855  to 
"890  and  an  optical  rotation  of  -  25°  to  -  80°.  The  main 
constituent  of  the  oil  is  the  terpene  phellandrene,  besides 
which  the  only  known  constituent  is  cineol,  which  occurs  to 
the  extent  of  from  5  per  cent,  in  the  low  to  about  25  per 
cent,  in  the  high  gravity  specimens.  According  to  Baker 
and  Smith,  this  account  really  refers  to  the  oil  from  E.  amyg- 
dalina var.  latifolia ;  whilst  the  tree  E.  amygdalina  yields 
an  oil  containing  45  per  cent,  of  cineol. 

Eucalyptus  Backhousia  (Backhousia  citriodora)  is  one 
of  the  sweet-scented  plants  generally  known  as  a  eucalypt, 
but  which  probably  belongs  to  a  different  genus  altogether. 
The  leaves  yield  up  to  4  per  cent,  of  oil  of  aromatic  odour, 
not  at  all  resembling  what  is  usually  termed  eucalyptus  oil, 
of  specific  gravity  "895  to  "902.  The  constituent  to  which  it 
owes  its  lemon-melissa-like  odour  is  citral.  Its  other  consti- 
tuents are  undetermined,  but  it  probably  contains  a  little 
phellandrene. 

Eucalyptus  Baileyana. — This  is  one  of  the  numerous 
trees  known  locally  as  "  stringy  bark,"  and  is  confined  chiefly 
to  the  north  of  New  South  Wales  and  the  adjacent  southern 
portion  of  Queensland.  The  leaves  yield  about  1  per  cent, 
of  oil,  of  a  melissa-like  odour,  which,  however,  is  partially 
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•covered  by  the  cineol  present.  Its  specific  gravity  is  from 
-890  to  "920  (specific  gravities  of  '940  to  "980  have  been 
given,  but  these  are  hardly  possible).  It  appears  to  contain 
up  to  25  or  30  per  cent,  of  cineol,  some  citral,  and  phel- 
landrene. 

Eucalyptus  capitellata. — This  tree  is  found  in  Victoria 
and  Queensland.  Its  oil,  which  has  not  been  examined,  has 
an  odour  recalling  that  of  peppermint.  It  has  a  specific 
gravity  "915,  and  contains  about  35  to  40  per  cent,  of  cineol 
•and  traces  of  a  crystalline  body,  which  has  been  named 
eudesmol. 

Eucalyptus  camphora. — This  is  the  Swamp  gum  of  New 
■South  Wales.  The  oil  has  a  specific  gravity  0"916,  and  con- 
tains pinene,  cineol  and  eudesmol. 

Eucalyptus  cneorifolia. — This  eucalypt,  one  of  the 
Mallees,  is  chiefly  found  in  Kangaroo  Island,  South  Aus- 
tralia. It  is  a  comparatively  small  plant,  seldom  reaching 
more  than  12  to  15  feet  in  height.  It  is  known  locally  as  the 
' '  narrow-leaved  eucalyptus  ' '.  The  plant  was  originally  looked 
Tipon  as  a  variety  of  Eucalyptus  oleosa,  but  it  is  now  under- 
stood to  be  a  separate  species.  The  oil  came  into  commerce 
some  few  years  ago  under  the  name  of  oleosa,  but  is  quite 
•different  from  the  oil  which  was  originally  known  under  the 
same  name.  The  oil  is  very  rich  in  cineol,  and  has  the  high 
specific  gravity  "915  to  "925,  or  even  higher.  Its  optical 
activity  is  small,  seldom  exceeding  4°  or  5°  either  way.  It 
has  a  secondary  odour  recalling  that  of  cumin.  It  contains 
from  50  to  70  per  cent,  of  cineol  and  a  small  quantity  of 
•cumic  aldehyde.  This  oil  is  much  valued  as  a  medicinal  oil, 
and  conforms  admirably  to  pharmacopceial  requirements. 

Eucalyptus  corymbosa. — This  is  the  New  South  Wales 
"  blood  wood  ".  It  is  found  in  this  colony  and  in  Queens- 
land, chiefly  near  the  sea  coast.  Its  leaves  yield  about  4  per 
cent,  of  oil  of  specific  gravity  about  -880.    It  has  an  aro- 
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matic  odour,  according  to  Maiden,  recalling  that  of  lemon 
and  roses.  Sawyer  states  that  it  is  rich  in  cineol,  but  this 
is  incorrect.  It  contains  a  small  quantity  of  cineol,  and 
probably  aldehydes  of  the  geraniol  series. 

Eucalyptus  crebra.— This  is  one  of  the  many  so-called 
"  iron  barks  "  of  Queensland.  Its  oil  is  bright  yellow,  and 
very  rich  in  eucalyptol,  closely  resembling  that  from  Euca- 
lyptus globulus. 

Eucalyptus  Dawsoni  —  This  tree  yields  an  oil  of  specific 
gravity  0'9414,  and  contains  no  cineol,  but  phellandrene  and 
a  sesquiterpene. 

Eucalyptus  dealbata. — This  plant  is  confined  to  the  drier 
portions  of  Queensland  and  New  South  Wales.  Its  oil,  which 
is  yielded  to  the  extent  of  nearly  3  per  cent,  by  the  leaves,  has 
a  pleasant  mellisa  odour,  and  belongs  to  the  class  of  sweet- 
scented  eucalyptus  oils.  By  many  it  is  considered  to  possess 
a  finer  odour  than  any' of  the  other  eucalypts.  The  oil  has  a 
specific  gravity  of  -885  to  "900,  and  contains  citronellal  and 
either  citronellol  or  geraniol.  If  the  leaves  be  dried  before 
distillation  the  oil  is  of  a  different  character,  and  is  said  to 
have  a  specific  gravity  of  over  '940. 

Eucalyptus  dextro-pinea. — This  species  has  been  de- 
scribed quite  recently  by  Baker.  It  is  a  "  stringy  bark  "  of 
New  South  Wales,  known  as  "messmate".  Its  botanical 
characters  do  not  differ  greatly  from  several  other  already 
described  species,  but  its  oil,  which  is  yielded  to  the  extent  of 
about  "8  per  cent.,  is  characterised  by  containing  a  large 
amount  of  dextro-pinene.  The  oil  is  dextro-rotary,  and  of 
specific  gravity  "873  to  -876.  Small  quantities  of  aldehydes 
were  also  detected  (see  Eucalyptus  laevo-pinea). 

Eucalyptus  dumosa. — This  plant  is  one  of  the  Mallees 
(dwarf  eucalypts  forming  the  "  scrub  "  of  parts  of  Victoria, 
New  South  Wales  and  South  Australia).  The  oil  is  of  a. 
good  quality  from  a  medicinal  point  of  view,  having  a  specific 
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gravity  of  about  -900  to  "912,  and  containing  from  30  to  50  per 
cent,  of  cineol.    Its  odour  is  strongly  camphoraceous. 

Eucalyptus  eugeno'ides. — The  leaves  of  this  tree  yield 
about  "7  per  cent,  of  oil  of  agreeable  odour.  Its  specific 
gravity  is  about  '905  to  "910,  and  its  rotary  power  +  4°  to 
+  6°.  It  contains  from  25  to  35  per  cent,  of  cineol  and  not 
any,  or  at  most  very  little,  phellandrene. 

Eucalyptus  globulus. — This  tree,  from  which  a  typical 
eucalyptus  oil  is  obtained,  is  the  Tasmanian  "blue  gum". 
(Blue  gum  however  is  a  name  applied  to  a  number  of  other 
eucalypts  in  New  South  Wales,  Victoria  and  Western  Aus- 
tralia.) This  plant  was  discovered  by  Labillardiere  in 
Tasmania  in  1792,  and  introduced  into  Europe  in  1856  by 
Ramel.  It  is  a  native  of  Tasmania  and  Victoria,  although 
found  to  a  certain  extent  in  other  colonies.  The  fresh  leaves 
yield  from  '8  to  1'5  per  cent,  of  oil  of  a  light  yellow  colour, 
exceedingly  rich  in  cineol.  Eucalyptol,  as  it  was  then  called, 
and  as  it  is  often  termed  to-day,  was  discovered  by  Cloez  in  this 
oil.  The  fact  that  this  oil  was  regarded  in  Europe  as  the 
typical  eucalypt  yielding  a  medicinal  oil,  together  with  the 
occurrence  of  such  numerous  and  closely  similar  species  in 
Australia,  account  for  the  fact  that  eucalyptus  leaves  from 
various  trees  were  indiscriminately  mixed  and  distilled,  the 
resulting  product  being  marked  oil  of  Eucalyptus  globulus. 
Hence  the  difference  observed  by  various  chemists  in  the 
properties  of  this  oil.  The  pure  globulus  oil,  which  is  now 
a  reliable  commercial  article,  has  a  specific  gravity  of  "910  to 
•930,  and  contains  from  50  per  cent,  to  65  per  cent,  of  cineol. 
It  is  dextro-rotary,  from  +  1°  to  +  10°  (rarely  up  to  +  15°). 
In  addition  to  cineol  it  contains  dextro-pinene,  camphene, 
traces  of  ethyl  and  amyl  alcohols  and  valeric,  butyric  and 
caproic  aldehydes.  This  oil  is  the  most  valued  of  all  the 
medicinal  eucalyptus  oils  of  commerce.  Schimmel  &  Co.  have 
isolated  a  crystalline  compound  melting  at  88'5°,  boiling  at 
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283°  and  of  specific  rotary  power  -  35°  29'.  It  is  a  sesquiterpene 
alcohol  of  the  formula  C15H260.  They  have  also  isolated  an 
alcohol,  C10H16O,  which  is  possibly  pinocarveol. 

Eucalyptus  goniocalyx.— -This  tree  is  known  in  Victoria 
as  the  "  spotted  gum  "  or  "  white  gum, "  but  in  New  South 
Wales  it  is  usually  spoken  of  as  "blue  gum".  The  oil  is 
bright  yellow,  of  suffocating  odour,  of  specific  gravity  -915  to 
"920,  and  contains  some  cineol. 

Eucalyptus  gracilis.— This  tree  inhabits  the  same  districts 
as  Eucalyptus  dumosa,  and  is  also  found  in  Queensland.  Its 
oil  contains  a  fair  proportion  of  cineol,  and  its  cultivation 
has  attracted  some  attention  in  Victoria. 

Eucalyptus  hcemostoma. — This  is  one  of  the  many  white 
gums  of  New  South  Wales  and  Queensland.  The  leaves 
yield  about  2  per  cent,  of  a  nearly  colourless  oil,  which  is 
said  by  Dr.  Bancroft  to  possess  an  odour  intermediate 
between  peppermint  and  geranium.  Its  specific  gravity  is 
"880  to  "890.  Cymene  and  cumic  aldehyde  have  been  detected 
in  the  oil,  and  possibly  menthone  also  occurs.  Schimmel  & 
Co.  consider  it  resembles  cumin  oil  in  odour. 

Eucalyptus  incrassata. — This  plant  is  cultivated  to  a 
certain  extent  in  Victoria,  as  yielding  an  oil  with  a  fairly 
high  cineol  content.  It  has  not,  however,  been  closely 
examined. 

Eucalyptus  laevo-pinea. — This  plant  has  recently  been 
described  as  a  new  species  by  Baker.  It  is  the  silver  top 
stringy  bark  of  New  South  Wales.  Very  slight  differences 
of  a  botanical  nature  exist  between  this  tree  and  Eucalyptus 
dextro-pinea  (q.v.),  but  the  oil  differs -in  that  it  consists  chiefly 
of  £aeuo-pinene,  and  contains  only  a  very  small  quantity  of 
cineol.  The  specific  gravity  of  the  oil  is  about  '873.  Smith, 
who  has  examined  these  oils  (Eucalyptus  dextro-pinea  and 
laevo-pinea),  most  unjustifiably  suggests  calling  the  pinenes 
he  has  separated  from  them  by  the  names  eucalyptene  and 
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•eudesruene  respectively.  As  a  matter  of  fact  the  hydro- 
carbons he  separated  were  merely  ordinary  pinene  with 
«ome  little  impurity,  so  that  the  rotary  powers  were  not 
•exactly  coincident  with  those  known  for  this  hydrocarbon, 
but  to  duplicate  names  in  this  free  and  easy  fashion  must 
only  tend  to  restore  that  confusion  which  existed  in  the 
terpene  group  before  Wallach  took  up  the  task  of  correctly 
classifying  them. 

Eucalyptus  leucoxylon  is  a  "  white  gum "  of  Victoria 
and  South  Australia.  It  is  also  known  as  "  boxwood  "  or 
'"mountain  ash".  It  is  also  found  in  Queensland  and  New 
South  Wales.  Its  leaves  yield  rather  over  1  per  cent,  of 
•oil  of  specific  gravity  -920  to  *925  with  a  fairly  high  cineol 
content. 

Eucalyptus  longicornis. — This  plant  is  the  morell  tree 
of  Western  Australia,  which  is  found  on  the  sources  of  the 
Swan  river,  and  onwards  towards  the  east.  Its  leaves  yield 
a  high  percentage  of  oil,  but  this  has  not  yet  been  thoroughly 
•examined. 

Eucalyptus  longifolia. — This  tree,  known  as  the  "  woolly- 
but,"  is  found  in  New  South  Wales  and  in  Grippsland, 
Victoria.  The  oil  has  a  camphoraceous  odour,  but  the 
sample  of  which  an  examination  has  been  recorded  had 
the  high  specific  gravity  '940,  and  was  possibly  adulterated. 

Eucalyptus  loxophleba. — This  tree  is  the  York  gum  of 
Western  Australia,  so  named  on  account  of  its  frequent 
occurrence  in  the  neighbourhood  of  York.  It  is  found  all 
over  the  eastern  slopes  of  the  Darling  Eange,  and  forms  one 
of  the  valued  timber  trees  of  the  colony.  The  oil  has  been 
•examined  by  the  author,  who  found  it  to  contain  only  about 
15  per  cent,  of  cineol.  It  is  dextro-rotary,  about  +  5°  and  has 
a  specific  gravity  -883.  It  contains  phellandrene  and  another 
terpene,  together  with  a  considerable  amount  of  aldehydes 
or  ketones.    It  possesses  a  very  irritating  and  offensive  odour. 
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Eucalyptus  Macarthuri.—The  oil  from  this  plant  has  the 
following  characters:  Specific  gravity  about  '920  to  "930; 
optical  rotation  +  1°.  It  contains  eudesmol  and  geranyl 
acetate. 

.  Eucalyptus  macrorhyncha.— According  to  Baker  and 
Smith,  the  leaves  of  this  plant  yield  about  *3  per  cent,  of  oil 
of  a  reddish-brown  colour  and  of  agreeable  odour.  Its 
specific  gravity  is  '927.  The  oil  contains  up  to  53  per  cent, 
of  cineol,  with  traces  of  phellandrene  and  esters.  The  crys- 
talline compound  melting  at  74°  discovered  by  the  above- 
named  scientists,  and  termed  by  them  eudesmol,  is  also 
present  in  considerable  quantity. 

Eucalyptus  maculata  var.  citriodora. — This  tree,  the 
"citron-scented"  eucalyptus,  is  found  along  the  coast  of 
Queensland  and  as  far  south  as  Port  Jackson.  It  is  a 
variety  of  the  New  South  Wales  "spotted  gum,"  Euca- 
lyptus maculata  (which  itself  possesses  very  little  odour). 
This  variety  yields  the  typical  scented  eucalyptus  oil.  The 
yield  from  the  leaves  is  from  1  to  4  per  cent,  of  an  oil 
of  melissa-like  odour,  of  specific  gravity  "870  to  -905,  and 
slightly  dextro-rotary  to  +  2°.  It  contains  a  very  large 
quantity  of  citronellal,  one  specimen,  according  to  Schimmel 
&  Co.,  having  been  found  to  contain  as  much  as  95  per  cent. 
It  also  contains  geraniol.  This  oil  is  of  a  most  pleasant 
odour,  and  is  admirably  suited  for  soap  perfumery,  possessing 
a  far  more  delicate  odour  than  ordinary  citronella  oil,  which 
it  somewhat  resembles  in  its  general  characteristics. 

Eucalyptus  microcorys. — This  is  the  saliow  wood  of  New 
South  Wales  or  "  turpentine  tree  "  of  Queensland.  It  yields 
from  1  to  2  per  cent,  of  an  oil  of  specific  gravity  "895  to  -930. 
Cineol  appears  to  be  the  only  well-ascertained  constituent, 
but  according  to  some,  the  oil,  when  properly  prepared,  forms 
an  excellent  perfume. 

Eucalyptus  obliqua. — This  tree  is  generally  known  as 
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"strong  bark"  or  "stringy  bark"  in  Tasmania  and  Victoria. 
It  is  also  found  in  New  South  Wales  and  South  Australia. 
The  leaves  yield  a  fair  quantity  of  oil  of  specific  gravity  "895 
to  "915  and  optical  rotation  about  -  7°.  It  contains  both 
cineol  and  phellandrene  in  varying  proportions. 

Eucalyptus  odorata. — Two  trees  are  known  by  this 
name,  the  "white  box"  and  the  "peppermint"  of  the 
southern  colonies  of  Australia.  The  leaves  of  the  latter 
yield  about  l-5  per  cent,  of  an  oil  of  specific  gravity  '900  to 
•925.  It  contains  cineol,  phellandrene  and  cumic  aldehyde, 
and  probably  another  aldehyde.  It  is  said  to  be  used  to  a 
certain  extent  in  soap  perfumery  in  Australia.  The  "white 
box  "  yields  a  very  small  amount  of  oil  of  specific  gravity  '900 
to  "922  containing  much  cineol. 

Eucalyptus  oleosa. — This  tree  forms  one  of  the  Mallee 
scrub  group,  which  are  all  fairly  rich  in  cineol.  It  is  well 
known  in  Victoria  and  South  Australia  and  is  also  found  in 
the  interior  extra-tropical  parts  of  Western  Australia.  The 
leaves  yield  about  1'3  per  cent,  of  an  oil,  of  specific  gravity 
'905  to  '930  and  optical  activity  -  5°  to  +  5°.  It  is  very 
rich  in  cineol.  According  to  Baron  Muller,  it  is  the  best 
known  solvent  for  fossil  resins,  and  "is  unique  for  many 
technological  applications  ".  This  oil  is  not  identical  with 
much  of  the  so-called  Oleosa  oil  of  commerce,  which  is  in 
reality  obtained  from  Eucalyptus  cneorifolia. 

Eucalyptus  piperita. — This  is  the  New  South  Wales 
peppermint  tree.  Its  leaves  yield  a  large  quantity  of  oil, 
but  this  is  not  well  known  in  commerce,  although  it  is 
manufactured  in  at  least  one  district  in  New  South  Wales. 
It  contains  a  ketone  which  resembles  menthone,  which  has 
been  named  piperitone. 

Eucalyptus  populifolia.— This  is  the  "bimbil  box"  of 
New  South  Wales,  Queensland,  and  the  northern  territories 
of  South  Australia.    The  oil  is  bright  red  and  contains 
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cineol  and  cumic  aldehyde.  In  odour  it  resembles  cajuput 
oil. 

Eucalyptus  punctata. — Baker  and  Smith  have  described 
this  as  a  variety  of  Eucalyptus  tereticornis,  known  in  New 
South  Wales  as  grey  gum.  The  yield  of  oil  obtained  was 
from  -63  to  119  per  cent.,  its  specific  gravity  '9122  to 
*9205.  Of  nine  oils  examined,  two  were  laevo-iot&vy ,  from 
-  0°  55'  to  -  2°  31',  and  seven  were  dextro-rot&vj,  from  +  0° 
32'  to  +  4°  29'.  The  cineol  content  varied  from  46*4  to  64"5 
per  cent.,  and  no  phellandrene  was  detected. 

Eucalyptus  Planchoniana. — This  species  is  of  limited 
occurrence,  being  found  only  in  the  northern  parts  of  New 
South  Wales  and  in  South  Queensland.  The  yield  of  oil, 
which  has  a  specific  gravity  "915,  is  very  low.  It  has  been 
suggested  as  a  soap  perfume,  its  odour  somewhat  resembling 
citronella. 

Eucalyptus  resinifera. — This  tree  is  known  as  the 
swamp  gum.  The  oil  yielded  by  the  leaves  is  of  a  brilliant 
yellow  colour,  of  specific  gravity  about  *900  and  optical 
rotation  -  15°  to  -  20°.    It  contains  a  fair  quantity  of  cineol. 

Eucalyptus  rostrata. — This  is  a  "  red  gum  "  common  to 
all  the  colonies  of  the  Australian  mainland,  being  known 
as  the  "  flooded  gum  of  the  interior  ".  It  is  one  of  the  most 
widely  distributed  eucalypts  on  the  continent,  and  its  timber 
has  supplied  more  material  for  telegraphs,  railways,  bridges, 
etc.,  than  perhaps  any  other  tree  in  Australia.  This  tree,  too, 
is  the  best  known  of  all  trees  to  the  Australian  explorers, 
for  on  it  nearly  all  the  old  landmarks,  camp  locations  and 
"signs"  of  the  early  explorers  may  be  found  cut.  The  tree 
has  been  introduced  into  Cochin  China  and  Algeria,  in  both 
of  which  places  it  flourishes  well.  The  oil  has  a  somewhat 
powerful  odour  of  valeric  aldehyde,  which  body,  together 
with  much  cineol,  exists  in  the  oil.  This  has  a  specific 
gravity  '915  to  *930  and  an  optical  rotation  of  -  2°  to  +  13°. 
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Eucalyptus  rudis. — This  tree,  according  to  Maiden,  is 
known  as  a  "blue  gum"  of  Western  Australia.  The  author 
has  traversed  the  whole  of  the  regions  in  which  this  tree 
is  found,  however,  and  finds  that  it  is  usually  known  as  the 
"flooded  gum".  Eucalyptus  rostrata  just  referred  to  is 
known  as  the  "flooded  gum  of  the  interior,"  or  commonly 
merely  "flooded  gum,"  and  occurs  on  the  littoral  just  south 
of  the  Murchison,  whilst  Eucalyptus  rudis  (as  well  as 
Eucalyptus  decipiens),  which  occurs  in  the  south-western 
portion  of  the  colony,  may  be  referred  to  as  the  "flooded 
gum  of  the  south-west".  The  leaves  yield  a  large  quantity 
of  oil,  but  its  properties  require  examination. 

Eucalyptus  Risdonia. — The  oil  from  the  leaves  of  this 
tree  has  a  pleasant  odour.  Its  specific  gravity  is  "910  to  "925, 
and  its  optical  rotation  -2°  to  -  6°.  Phellandrene  and 
cineol,  the  latter  in  good  proportion,  have  been  found  in 
the  oil. 

Eucalyptus  salubris. — This  is  one  of  the  Western  Aus- 
tralian timber  trees,  its  wood  being  largely  used  on  the 
goldfields,  where  it  is  known  as  the  gimlet  gum.  Its  leaves 
yield,  according  to  Miiller,  4  per  cent,  of  oil.  Its  specific 
gravity  is  0-902,  and  optical  rotation  -  6°.  It  contains  pinene, 
cymene,  cineol,  geranyl  acetate  and  aromadendral. 

Eucalyptus  Staigeriana.  —  This  is  the  well  -  known 
"lemon-scented  iron  bark"  of  Queensland.  The  leaves 
when  bruised  have  a  strong  verbena  odour  ;  indeed  the  oil 
closely  resembles  the  latter  in  general  properties.  It  is 
stated  in  the  Pharm.  Journal  ([3],  x.,  212)  that  it  can  be 
distinguished  from  verbena  oil  by  its  lower  specific  gravity. 
This,  however,  is  not  so.  The  extraordinary  statement 
also  occurs  that  it  has  a  specific  gravity  '871,  or,  when 
freed  from  moisture,  '880,  which  means  that  by  removing 
water  with  a  higher  specific  gravity,  the  residual  oil  also 
increases  in  gravity !    The  characteristic  odour  is  due  to 


382 


ESSENTIAL  OILS. 


citral,  which  appears  to  be  the  chief  constituent  of  the 
oil. 

Baker  and  Smith  have  recently  examined  this  oil  and  found 
it  to  have  a  specific  gravity  0*871,  refractive  index  1*4871, 
and  to  contain  laevo-limonene,  geraniol,  geranyl  acetate  and 
citral. 

Eucalyptus  Stuartiana. — This  tree,  which  is  found  in 
■Queensland,  yields  a  yellow  oil,  with  a  strong  odour  of 
cymene.    Very  little,  if  any,  cineol  is  present. 

Eucalyptus  terticornis. — This  is  one  of  the  Queensland 
"red  gums".  It  yields  an  oil  somewhat  resembling  oil  of 
zedoary  in  odour,  and  contains  little  or  no  cineol.  It  is  of 
little  value. 

Eucalyptus  tesselaris. — This  tree  yields  an  oil  of  a  dark 
brown  colour,  and  with  an  odour  recalling  benzoic  acid.  It 
contains  no  cineol. 

Eucalyptus  uncinata. — This  tree  is  found  in  Western 
and  South  Australia,  Victoria  and  South  Australia.  It  is 
one  of  the  Mallees.  The  yield  of  oil  is  not  very  high,  but  the 
resulting  oil  contains  a  fair  amount  of  cineol. 

From  the  above  brief  remarks  on  the  eucalyptus  oils 
which  are  much  known,  it  will  be  seen  that  they,  broadly 
speaking,  fall  into  three  chief  groups.  The  sweet-scented  or 
perfume  oils  are  few  in  number,  and  are  typically  represented 
by  Eucalyptus  maculata  var.  citriodora  and  Eucalyptus 
Staigeriana.  The  medicinal  oils — those  which  contain  a 
high  percentage  of  cineol  (eucalyptol) — are  the  most  impor- 
tant group  however;  the  requirements  of  the  1898  British 
Pharmacopoeia  narrow  these  down  to  comparatively  few, 
which  must  have  the  characters  therein  described,  and  are 
therefore  British  Pharmacopoeia  oils.  The  typical  oil — 
speaking  from  a  popular  point  of  view — of  this  class  is  that 
of  Eucalyptus  globulus,  but  it  is  a  mistaken  idea  to  think 
that  there  are  not  other  oils  of  just  as  great  value.  Indeed, 
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the  oil  of  Eucalyptus  globulus  has  its  reputation  from  its 
label,  as  probably  the  majority  of  importations  in  the  earlier 
days  of  this  oil  were  mixtures,  often  without  any  globulus  oil, 
in  spite  of  their  labels.  The  facts  should  be  noted  that  not 
only  are  several  Other  oils  in  accordance  with  the  British 
Pharmacopoeia  requirements,  but  that  many  oils  which  do 
not  quite  agree  with  the  limits  prescribed  by  that  standard 
are  valuable  oils  of  high  cineol  content.  The  third  class 
embraces  those  oils  which  contain  little  or  no  cineol,  and 
which  are  of  very  small  value  as  compared  with  the  other 
oils.  The  type  of  these  oils  is,  perhaps,  that  of  Eucalyptus 
amygdalina.  The  recognised  value  of  cineol,  and  the  ease 
with  which  it  can  be  prepared,  result  in  the  manufacture  of 
pure  cineol,  which  is  known  commercially  as  eucalyptol.  In 
the  author's  opinion,  eucalyptus  oil  as  an  official  drug  might 
well  be  replaced  by  eucalyptol,  whose  properties  are  very 
definite,  viz.,  specific  gravity  "930 ;  optically  inactive ;  solidi- 
fying at  low  temperatures  and  re-melting  at  -  1° ;  boiling  at 
176°.  There  is  only  one  danger  in  this,  viz.,  that  if  eucalyptol 
were  made  official  the  oil  would  naturally  be  removed  from 
the  Pharmacopoeia.  The  public,  however,  know  the  oil  so 
well  that  they  would  continue  to  demand  it,  and  any  of  the 
almost  valueless  oils,  such  as  Eucalyptus  amygdalina,  could 
then  be  sold  with  impunity. 

Smith  has  described  several  hitherto  unknown  bodies 
which  he  finds  present  in  various  eucalyptus  oils.  Amongst 
these  are  the  following.  Piperitone:  this  compound  is  a 
ketone  of  the  formula  C10H18O,  which  he  finds  in  oils  from 
E.  piperita  and  E.  dives  and  E.  radiata.  It  resembles  men- 
thone,  and  further  evidence  is  necessary  to  establish  its  in- 
dividuality. Aromadendrene :  this  body  is  a  sesquiterpene 
boiling  at  260°  to  265°  and  of  specific  gravity  0-925.  It  has 
so  far  not  yielded  any  crystalline  derivatives,  and  is  provision- 
ally named  aromadendrene.     Aromadendral  is  an  aldehyde 
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resembling  curnic  aldehyde  in  odour.  It  is  an  oil  of  specific 
gravity  0*953  at  22°,  optical  rotation  -  86",  boiling  at  219°. 
Its  formula  is  C9H120.  It  yields  crystalline  derivatives  and 
may  therefore  be  regarded  as  a  fresh  chemical  individual. 
Eudesmol  or  eucalyptus  camphor  is  best  prepared  from  E. 
macrorhyncha.  It  is  a  crystalline  compound  melting  at  79° 
to  80°,  and  of  the  formula  C10H1(iO.  Eudesmic  acid  is  an 
acid  obtained  from  the  esters  of  some  eucalyptus  oils.  It 
has  the  formula  C14H1802. 

Smith  has  classified  a  number  of  eucalyptus  oils  from  the 
point  of  view  of  their  refractive  indices.  The  following  table 
covers  his  figures. 

The  refractive  indices  of  the  following  constituents 
occurring  in  the  ordinary  types  of  eucalyptus  oils  are: — 

Eucalyptol  (Schimmel)       ....  1-45961 

Pinene  (Wallach)   1-46553 

Phellandrene  (Wallach)     ....  1-488 

Cyniene  (Briihl)  .       .       .       .     •  .       .  1-48465 

Aromadendral   1-5141  at  16°  C. 

Piperitone   1-4893  at  16°  C. 

Sesquiterpene  (prepared  by  distillation)     .  1-5116  at  16°  C. 

These  constituents  vary  much  in  amount  in  the  oils  of 
the  several  species,  but  it  is  possible  to  form  groups  such 
as  the  eucalyptol  group,  the  phellandrene  group,  etc.  The 
refractive  index  of  the  predominant  constituent  will,  of 
course,  influence  the  result,  but  there  is  a  marked  uniformity 
between  the  members  of  the  several  groups,  agreeing 
strongly  with  the  indications  suggested  by  the  study  of 
the  leaf  venations. 

Eucalyptol-pinene   oils ;   phellandrene   usually  absent. 
Eefractive  index  mostly  above  1*47  and  below  1*48. 
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No. 

Refr.active 

Specific 

Species. 

index 
Jid  16°  C. 

gravity 

To"  °- 

1 

E.  Smithii 

1-4706 

•9238 

Ditto,  oil  of  "  suckers  "  . 

1-4707 

•9151 

Ditto,  com.  crude  5  03 
E.  Bridgesiana 

1-4689 

•9172 

2 

1-4723 

•9327 

3 

,,  Risdoni 

1-4733 

•9373 

4 

,,  pulverulenta 

1-4686 

•9280 

5 

„  dealbata 

1-4705 

•9268 

6 

,,  stricta  .       .       .  . 

1-4711 

•9254 

7 

„  polyanthema 

1-4736 

•9346 

8 

,,  oleosa 1 . 

1-4746 

•9319 

9 

,,  cordata 

1-4695 

•9265 

10 

,,  cinerea 

1-4706 

•9198 

11 

,,  populifolia  . 
,,  Cambagei1  . 

1-4709 

•9246 

12 

1-4720 

•9243 

13 

,,  sideroxylon  . 

1-4725 

•9219 

14 

„  pendula 

1-4732 

■9337 

15 

,,  bicolor 

1-4734 

•9266 

16 

,,  Maideni 

1-4736 

•9253 

17 

„  cneorifolia 1  . 

1-4747 

•9194 

Ditto,  P.  &  Co.,  crude  . 

1-4774 

•9375 

18 

■  E.  maculosa 

1-4741 

•9278 

19 

,,  Morrisi 

1-4693 

•9191 

20 

,,  squamosa 1  . 

1-4692 

•9202 

21 

,,  globulus 

1-4720 

•9243 

Do.  Platypus  bd.  4  yrs.  . 

1-4697 

•9153 

Do.  do.  8  years  old  . 

1-4738 

•9392 

22 

E.  polybractea 1 

1-4736 

•9197 

Do.  commer.  dist.  6-04  . 

1-4686 

•92S6 

Do.  do.  crude  dist.  7-05  . 

1-4692 

•9282 

Do.,  same  oil  rectified 

1-4676 

•9254 

23 

E.  hemilampra 

1-4735 

•9310 

24 

„  longifolia 

1-4738 

•9249 

25 

„  intertexta 

1-4748 

•9323 

26 

,,  Behriana 

1-4765 

•9272 

27 

„  Shiartiana  . 

1-4709 

•9194 

28 

„  eugenioides  . 

1-4747 

•9220 

29 

,,  amygdalina  . 

1-4760 

•9104 

30 

,,  punctata1  . 

1-4774 

•9297 

31 

„  Rossii  .... 

1-4741 

•9202 

32 

,,  resinifera 

1-4755 

•9194 

33 

,,  Seeana 

1-4706 

•9146 

34 

,,  camphor  a 

1-4733 

•9072 

35 

,,  rostrata  var.  borcalis  . 

1-4747 

•9251 

36 

,,  viminalis  var.  (a) 

1-4711 

•916J 

37 

,,  goniocalyx  i 

1-4746 

•9097 

38 

,,  ovalifolia  v.  lanceolata 

1-4711 

•91111 

39 

,,  salmonophloia1  . 

1-4738 

•9069 

40 

,,  quadraiigulata 

1-4692 

•9075 

41 

„  Bosis/oana  . 

1-4732 

•9175 

42 

„  melliodora  . 

1-4706 

•9041 

43 

,,  redunca 

1-4720 

•9092 

44 

,,  conica  .... 

1-4733 

•9259 

45 

„  propinqua 1  . 

1-4788 

•9035 

46 

,,  odorata1  (Faulding) 

1-4775 

•9150 

47 

i,  occidentalis  1 

1-4774 

•9128 

48 

,,  dumosa  1 

1-4760 

•93  30 

49 

„  microcorys  . 

1-4747 

•9059 

50 

,,  gracilis1 

1-4771 

•9107 

51 

,,  paludosa 

1-4773 

•9095 

Specific 
refractive 
energy 
na  -  1 
d. 


•5094 

•5144 

•5112 

•5064 

•5049 

•5049 

•5077 

•5090 

•5067 

•5093 

•5067 

•5116 

•5093 

•5106 

•5125 

•5068 

•5109 

•5117 

•5163 

•5092 

•5109 

•5106 

•5099 

•5106 

•5131 

•5044 

•5149 

•5046 

•5055 

•5053 

•5086 

•5122 

•5092 

•5139 

•5122 

•5148 

•5228 

•5135 

•5152 

•5172 

•5145 

•5217 

•5131 

•5138 

•5218 

•5166 

•52^5 

•5170 

•5158 

•5205 

•5191 

•5112 

•5299 

•5218 

•5230 

•5213 

•5240 

•5239 

•5248 


Solubility 
in  alcohol 
(•8722  at 
15-5°  C.) 
voluniB 
requires 


1-05 

1-15 

1-05 

1-05 

1-05 

1-1 

1-1 

1-1 

1-1 

1-1 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 

1-15 


1-15 
■15 
1 

17 


1 
1 
1 
1-2 
1-2 
1-2 
1-15 
1-15 
1-2 
1-0 
105 
1-05 
1-2 
1-2 
1-2 
1-2 
1-25 
1-25 
1-25 
1-25 
1-35 
1-35 
1-37 
1-4 
1-4 
1-45 

1-  8 

2-  0 

3-  5 

4-  0 

5-  0 

6-  0 
6-0 
6-0 
8-0 

O 

rH  O 

^1  »  J 

3  2  ° 

a« 

3  ea 


10  times 
solubility 

x  refrac- 
tive iudex. 


25 


O 
CO 

.go 
> 


15-  44 

16-  91 
15-42 
15-46 

15-  47 

16-  15 
16-17 
16  T8 
36-21 
16-22 
16-89 
16-91 
16-yi 
16-92 
16-93 
16-94 
16-94 
16-94 
16-96 

16-  25 

17-  24 
17-63 
17-63 
1766 
16-90 

16-  95 

17-  68 

14-  68 

15-  42 
15-41 
17-68 
17-68 
17-69 

17-  72 

18-  38 
18-43 
18-45 

18-  46 

19-  90 

19-  91 

20-  14 
20-62 

20-  64 

21-  33 
26-54 
29-42 
51-58 
58-76 
73-66 
88-23 
88-32 
88-39 

118-30 


0)  00  o 
3  9  8 

> 
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Pinene  oils  ;  phellandrene  absent, 
and  below  1'48. 


Refractive  index  above  1*47 


No. 

Species. 

Refractive 

index 
nd  16°  C. 

Specific 
gravity 

1  5 

Specific 
refractive 
energy 
nd-  1 
d. 

52 

E.  botryoides  . 

14787 

•8802 

•5439 

None  soluble 

in 

53 

,,  calophylla  . 

1-4788 

•8751 

•5471 

less  than  7 

vol- 

64 

„  dextropinea . 

1-4741 

•8806 

•5383 

umes  of  80 

per 

55 

„  diversicolor  . 

1-4747 

•9134 

•5197 

cent,  alcohol 

!  56 

,,  IcBvopinea  . 

1-4769 

•8964 

•5320 

57 

„  saligna 

1-4760 

•8940 

•5324 

58 

„  Wilkinsoniana  . 

1-4774 

■9016 

•5295 

Pinene-sesquiterpene  oils;  phellandrene  absent.  Refractive 
index  above  1*48. 


No. 

Species. 

Refractive 

index 
nd  16°  C. 

Specific 
gravity 

10°  (-1 

Specific 
refractive 
energy 
na-  1 
d. 

59 

E.  affinis1 

1-4921 

•9270 

•5301 

None    soluble  in 

60 

,,  apiculata 

1-4934 

■9123 

•5408 

less  than  1  vol- 

61 

,,  Baeuerleiii  . 

1-4841 

•8890 

•5445 

ume  80  per  cent. 

62 

,,  corymbosa1  . 

1-4895 

■8867 

•5520 

alcohol,  the  ma- 

63 

,,  eximia  .... 

1-4889 

•8999 

•5433 

jority  insoluble  in 

64 

„  intermedia1  . 

1-4878 

•8838 

•5519 

10    volumes  80 

65 

,,  lactea  .... 

1-4898 

•8794 

•5570 

per  cent,  alcohol 

66 

„  maculata 

1-4861 

•9035 

■5380 

67 

,,  nova-anglica 

1-4900 

•9062 

•5407 

68 

,,  paniculata  . 

1-4801 

•9096 

•5278 

69 

„  patentinervis 

1-4948 

•8784 

•5633 

70 

„  rubida 

1-5011 

•9089 

•5513 

71 

„  tesselaris 

1-4881 

•8962 

•5446 

72 

„  trachyphloia1 

1-4901 

•8915 

•5497 

Oils  in  which  aromadendral  is  a  pronounced  constituent ;  phel- 
landrene is  absent.    Refractive  index  above  T48, 


73 
74 
75 
76 
77 
78 
79 
80 
81 


E.  albens  . 

hemiphloia  . 
,,  marginata  . 
„  punctata  var.  didyma 
,,  rostrata 
„  salubris 
,,  tereticornis  . 
,,  viridis  . 
,,  Woollsiana  . 


1-4836 

•9188 

•5263 

With  the  exception 

1-4910 

•9084 

•5405 

of  No.  74,  all  are 

1-4946 

•9112 

•5428 

soluble  in  either 

1-4868 

•9068 

•5368 

1  or   2  volumes 

1-4896 

•9018 

•5429 

of    80  per  cent. 

1-4841 

•9013 

•5358 

alcohol 

1-4934 

•9308 

•5301 

1-4828 

•9027 

•5348 

1-4895 

•8998 

•5440 
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Phellandrene  oils  containing  piperitone.  Eefractive  index  above 
1"48,  several  above  1/49. 


No. 


82 
S3 
84 
85 
86 
87 
88 
89 
90 
91 
92 


Species. 


E.  coriacea 
,,  delegatensis  . 
„  dives  . 
,,  fraxinoides  . 
,,  Luehmanniana 
„  obliqua  1 
,,  oreades 
„  piperita 
„  radiata 
„  Sieberiana  . 
,,  vitrea  . 


Refractive 
index 

nae°  G 


1-4902 
1-4881 
1-4894 
1-4908 
1-4937 
1-4934 
1-4945 
1-4838 
1-4863 
1  -4886 
1-4882 


Phellandrene  oils  in 
constituent.  Eefractive 
above  1*5. 


Specific 
gravity 
if°  c- 

Specific 
refractive 
energy 
nd  —  1 

d. 

•9120 

•5375 

•8645 

•5646 

•8883 

•5509 

•8762 

•5601 

•8846 

•5581 

•8944 

•5528 

•8935 

•5534 

•9221 

•5247 

•8814 

•5517 

•8947 

•5461 

•8967  1 

•5384  1 

Mostly  insoluble 
in  10  volumes  80 
per  cent,  alcohol ; 
none  more  soluble 
than  with  1  vol- 
ume 80  per  cent, 
alcohol 


which  the  sesquiterpene 
index  is  above  1-48  and  in 


is  a  pronounced 
some  instances 


93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 


E. 


acmenoides  .       .       .  I  1-5065 

,,  angoplioroides      .       .  1-4881 

„  capitellata    .       .       .  1-4828 

,,  crebra  ....  1-4844 

„  Dawsoni      .       .       .  1-5144 

„  fastigata      .       .       .  1-4873 

„  Fletcheri1    .       .       ,  1-4881 

„  gomphocephala     .       .  1-4815 

„  hcemastoma  .       .       .  1-5013 

„  macrorrhyncha    .       .  1-4802 

„  melanophloia       .       .  1-4950 

,,  microtheca    .       .       .  1-4895 

„  nigra   ....  1-4871 

„  ovalifoiia     .       .       .  1'4921 

,,  Planchoniana     .       ,  1-4878 

„  pilularis      .       .       .  1-4961 

,,  robusta        .       .       .  1-4801 

„  siderophloia .       .       .  1-5000 

,,  sideroxylonv.pallens  .  1-4884 

,,  stellulata     .       .       .  1-4902 

,,  viminalis     .       .  1-4855 

»  virgata        .       .       ,'  1-5015 

Oils  not  classified ;  containing  geraniol 
citral,  citronellal,  etc. 


•9266 

•9207 

•9176 

•8989 

•9528 

•8948 

•8882 

•8752 

•9196 

■9166 

•8959 

•8866 

•8838 

•8911 

•9166 

•8924 

•8899 

•9081 

•9167 

•8766 

•9088 

•9352 


115 


116 


117 
118 


E.  citriodora 

Do.  Mr.  Ingham,  Qld. 

E.  Macarthuri 

Do.  cont.  64-73%  ester 

Do.  cont.  68-8%  ester 

E.  Staigcriana 

„  aggregata  . 


1-4651 

I  -8887  1 

1-4678 

•8829 

1-4793 

•9271 

1-4763 

•9252 

1-4768 

•9287 

1-4871 

•8708 

1-5062 

•9701 

•5466 

•5301 

•5261 

•5388 

•5399 

•5446 

•5495 

•5501 

•5451 

•5239 

•5526 

•5521 

•5511 

•5522 

■5322 

•5559 

•5395 

•5506 

•5328 

•5589 

•5342 

•5363 

and  its 


•5233 
•5298 
•5172 
•5148 
•5134 
•5594 

•5128 


No.  102  is  the  only 
oil  more  soluble 
than  with  1 
volume  80  per 
cent,  alcohol ;  a 
large  number 
were  insoluble  in 
10  volumes  80 
per  cent,  alcohol 


acetic  acid  ester, 


Soluble  in  1-5  vols. 
70%  alco.  at  16°  C. 
Soluble  in  1-3  vol- 
umes 70%  alcohol 

Insoluble  in  6  vol- 
umes 80%  alcohol 
Insoluble  in  10 
vols.  80%  alcohol 


'  Denotes  the  presence  of  a  small  amount  ofltro^n^nlnT^] 
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The  following  valuable  classification  of  this  family  of  oils  is 
reproduced  from  details  published  by  Messrs.  Schimmel  &  Co.  as 
the  results  of  examination  of  a  collection  of  the  oils  supplied  by 
Baker  and  Smith. 


No. 


Botanical  name. 


Vernacular 
name. 


1.  E.  tessellaris 
F.  v.  M. 

2.  E.  trachyphloia 

F.  v.  M. 

6.1  E.  eximia 
R.  T.  B. 

7.  E.  botryoides 
Sin. 

8.  E.  robusta  Sin. 

9.  E.  saligna  Sm. 


10.  E.  nova-anglica 
D.  &  M. 

11.  E.  umbra 
R.  T.  B. 

12.  E.  dextropinea 
R.  T.  B. 


13.  E.  Wilkinsoni- 
ana  R.  T.  B. 


14.  E.  Icevopiiiea 
R.  T.  B. 

15.  E.  Bciuerleni 
F.  v.  M. 

16.  E.  prop  ingiia 
D.  &  M. 

17.  E.  affinis 
D.  &  M. 

18.  E.  pnludosa 
R.  T.  B. 


Origin. 


Moreton  Bay, 
Ash 

Bloodwood 


White  Blood- 
wood 

Bastard  Ma- 
hogany 

Swamp  Ma- 
hogany 

Blue  Gum 


Black  Pepper- 
mint 

A  Stringybark 
Stringybark 


Small-leaved 
Stringybark 


19. 
21. 


E.  lacteaB.T.  B. 


E.  intertexta 
R.  T.  B. 


Silver-top 
Stringybark 

Brown  Gum 
Grey  Gum 
Black  Box 
Swamp  Gum 

Spotted  Gum 

Gum   or  Red 
Gum 


Narrabri, 
N.S.W. 

Murrumbo, 
N.S.W. 

Springwood, 
N.S.W. 

Milton, 
N.S.W. 

La  Perouse, 
N.S.W. 

Gosford, 
N.S.W. 

Walcba, 
N.S.W. 

Lismore, 
N.S.W. 

Barber's 
Creek, 
N.S.W. 

Barber's 
Creek, 
N.S.W. 

Rylstone, 
N.S.W. 

Monga, 
N.S.W. 

Woodburn, 
N.S.W. 

Grenfell, 
N.S.W. 

Barber's 
Creek, 
N.S.W. 

Ilfovd, 
N.S.W. 

Nyngan, 
N.S.W. 


<D  O 

<!  .2 


0-151 
0-199 


Principal  chemical 
constituents. 


Pinene,  sesquiterpene 
Pinene,  sesquiterpene 


0-462  I  Pinene 


0-086 

0-161 

0-241 

0-51 

0-1615 

0-  798 

1-  01 

0-66 

0-328 

0-235 

0-259 

0-197 

0-557 
0-395 


d-Pinene 
Pinene 
Pinene 
Terpenes 


Pinene,  also  an  acetic 
acid  ester 


d-Pinene 


1-Pinene 


1-Pinene 


Terpenes,  eucalyp- 
tol,  chiefly  the 
former 


Torpenes 

Pinene.'eucalyptol 


iThe  missing  numbers  are  also  wanting  in  the  original. 
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No. 

Botauical  name. 

Vernacular 
name. 

Origin. 

Average 
yield  of  oil 

Principal  chemical 
constituents. 

22. 

E.  maculata 
Hook. 

Spotted  Gum 

Currawang 
Creek, 
JN.b.  W. 

0-169 

Pinene,  eucalyptol, 
chiefly  the  former 

25. 

E.  quadrangu- 
lata  D.  &  M. 

Grey  Box 

Milton, 
N.S.W. 

0-684 

Pinene,  eucalyptol 

26. 

E.  conica 
D.  &  M. 

Box 

Parkes, 
N.S.W. 

0-587 

Pinene,  eucalyptol 

27. 

E.  Bosistoana 
F.  v.  M. 

Box 

Barber's 
Creek, 
JN.b.W. 

0-968 

Pinene,  eucalyptol, 
chiefly  the  former 

28. 

E.  eugenioides 
Sieb. 

White 
etringybark 

Canterbury, 
N.S.W. 

0-742 

Terpenes,  eucalyptol 

30. 

E.  resinifera 
Sm. 

Mahogany 

Gosford, 
N.S.W. 

0-302 

81. 

E.  polyanthema 
bieb. 

Red  Box 

Pambula, 
N.S.W. 

0-825 

*■  Pinene,  eucalyptol 

32. 

E.  Behriana 

i? .  V.  JM. 

Mallee  Gum 

Wyalong, 

JN.b.  W. 

0-614 

J 

33. 

E.  Rossi  R.  T.  B. 
and  M.  G.  8. 

White  or 
xsrittle  Gum 

Bathurst, 

XT  O  TIT 

N.S.W. 

0-65 

Pinene,  eucalyptol, 
also  piperitone 

34. 

E.  pendicla 
A.  uunn. 

Red  Box 

Nyngan, 
N.S.W. 

U  O  / 

Pinene,  eucalyptol, 
chiefly  the  latter 

35. 

E.  dealbata 
A.  Cunn. 

Cabbage  or 
Montain  Gum 

Condobolin, 
N.S.W. 

U  OOD 

Pinene,  eucalyptol, 
chiefly  the  latter 

37. 

T7I  ±         j  Oil 

.E.  rostrata  Schl. 
var.  borealis 
R.  T.  B.  and 
H.  G.  S. 

River  Red 
Gum 

Nyngan, 
N.S.W. 

1  UU-L 

Pinene,  eucalyptol 

38. 

.E.  maculosa 

~D    m  t") 

K.  T.  B. 

Spotted  Gum 

Bungendore, 
N.S.W. 

0-846 

Pinene,  eucalyptol 

39. 

2£.  campliora 
R.  T.  B. 

Sallow 

Delegate, 
N.S.W. 

0-836 

Eucalyptol 

40. 

.E.  punctata 
D.  C. 

Grey  Gum 

Canterbury, 
N.S.W. 

0-781 

Pinene,  eucalyptol 

41. 
42. 

.E.  squamosa 
D.  &  M. 

iS.  Bridgesiana 
R.  T.  B. 

Iron  wood 

Applo  or 
Woollybutt 

National 
Park, 
N.S.  W. 

Ilford, 
N.S.W. 

0  643 
0-619 

^>  T^npn.l vnt.nl 

\ 

390 


ESSENTIAL  OILS. 


No. 

Botanical  name. 

Vernacular 
name. 

Origin. 

Average 
yield  of  oil 

Principal  chemical 
constituents. 

43. 
44. 

E.  goniocalyx 
F.  v.  M. 

E.  bicolor 
A.  Cunn. 

Montain  Gum 
Bastard  Box 

Monga, 
N.S.W. 

St.  Mary's, 
N.S.W. 

0-881 
0-52 

1 

|  Eucalyptol 

45. 

E.  viminalis 
var.  (a) 

Crook  well, 
N.S.W. 

0-701 

Pinene,  eucalyptol, 
benzaldehyde  (?) 

46. 

E.  populifolia 
F.  v.  M. 

Poplar-leaved 
Box 

Nyngan, 
N.S.W. 

0-758 

47. 

E.  longifolia 
Link. 

Woollybutt 

Canterbury, 
N.S.W. 

0-535 

48. 

E.  Maideni 
F.  v.  M. 

Blue  Gum 

Barber's 
Creek, 
N.S.W. 

1-304 

-  Eucalyptol 

49. 

E.  globulus 
Labill. 

Blue  Gum 

Jenolan, 
N.S.W. 

0-745 

50. 

E.  pulverulenta 
Sims. 

Bathurst, 
N.S.W. 

2-22 

1 

51. 

E.  cinerea 
F.  v.  M. 

Argyle  Apple 

Barber's 
Creek, 
N.S.W. 

1-20 

Eucalyptol,  some 
valeric  acid  ester 

51a. 

E.  cordata 
Labill. 

Tasmania 

2-32 

54. 

E.  Morrisii 
R.  T.  B. 

Grey  Mallee 

Gerilambone, 
N.S.W. 

1-69 

.  Eucalyptol 

55. 

E.  Smithii 
R.  T.  B. 

Gully  Ash  or 
White  Top 

Monga, 
N.S.W. 

1-434 

56. 

E.  sideroxylon 
A.  Cunn. 

Red  Flow- 
ering Iron- 
bark 

Liverpool, 
N.S.W. 

0-537 

Pinene,  eucalyptol 

57. 

E.  cambagei 
D.  &  M. 

Bastard  Box 
or  Bundy 

Bathurst, 
N.S.W. 

0-735 

Eucalyptol,  some 
aromadendral 

59. 

E.  polybractea 
R.  T.  B. 

Blue  Mallee 

Wyalong, 
N.S.W. 

0-135 

Pinene,  eucalyptol, 
aromadendral 

59. 

E.  dumosa 
A.  Cunn. 

White  Mallee 

Coolabah, 
N.S.W. 

1-00 

Terpenes,  eucalyptol, 
aromadendral 

60. 

E.  oleosa 
F.  v.  M. 

Red  or  Water 
Mallee 

Nyngan, 
N.S.W. 

0-97 

Pinene,  eucalyptol, 
aromadendral 

SYSTEMATIC  STUDY  OF  THE  ESSENTIAL  OILS. 


391 


No. 

Botanical  name. 

Vernacular 
name. 

Origin. 

Average 
yield  of  oil 

Principal  chemical 
constituents. 

61. 

E.  cneorifolia 
D  P, 

Kangaroo 

Tdln  n  f\ 

_L  0 1  CX/HKX 

Pinene,  eucalyptol, 
arom  ad  end  ral 

62. 

E.  stricta  Sieb. 

Mountain 
Mallee 

Blue  Moun- 
tains, 

"NT  S  W 

0-494 

Eucalyptol 

63. 

jE7.  melliodora 
A.  Cunn. 

Yellow  Box 

Rylstone, 
N.S.W. 

0-676 

Pinene,  eucalyptol, 
frequently  also  phel- 

1  n.n  i\  tpti  p 

64. 

E.  ovalifolia, 
var.  lanceolata 
"Ft  T  B 

111  •    1  .    1  '  • 

Red  Box 

Camboon, 
N.S.W. 

0-579 

Pinene,  eucalyptol, 
phellandrene 

64a. 

E?.  Risdoni 
Hook.  f. 

Risdon  or 
Drooping 
Gurn 

Tasmania 

1-348 

Eucalyptol,  phel- 
landrene, piperitone 

66. 

.E.  punctata 
D.C.,  var.  di- 
cfyma  R.  T.  B. 
&  H.  G.  S. 

Barber's 
Creek, 
N.S.W. 

0-402 

Pinene,  eucalyptol, 
aromadendral 

67. 

.E.  gracilis 
F.  v.  M. 

A  Mallee 

Gunbar, 
N.S.W. 

0-901 

Pinene,  eucalyptol, 
aromadendral ;  the 

f.pvnpnpc  nvpflrvmi  n  a  t.o 

UCi  UcUCo    UI  cU.wi_LIiiJ.CL  uo 

68. 

E.  viridis 
R.  T.  B. 

Green  Mallee 

Gerilambone, 
N.S.W. 

1-06 

Terpenes,  a  small 
quantity  aroma- 

non(i  ro  1 

U.  t!  iH-l  1  cl  I 

69. 

E.  T^ooWswwia 
R.  T.  B. 

Mallee  Box 

Gefila'mbone 

cLLIU.  lNyil^cLtl, 

N.S.W. 

0-449 

Aromadendral 

70. 

E.  albens  Mig. 

WViitp  Roy 

II  MIL'  ±J\JA. 

j_v  y  loiiuuc, 

N.S.W. 

0-101 

xi.  r  U  111  a>  U  c  u  u  r  a  1 

71. 

E.  hemiphloia 
F.  v.  M. 

Box 

Belmorc 
N.S.W.' 

0-554 

"Pi npnp   on cfl.lvnf.nl 

aromadendral 

72. 

E.  viminalis 
Labill. 

Manna  Gum 

Cadia, 
N.S.W. 

0-354 

Phellandrene,  euca- 
lyptol 

73. 

E.  rostrata  Sch. 

Murray  Red 
Gum 

Albury, 
N.S.W. 

0-299 

Chiefly  terpenes,  also 
eucalyptol  and  aroma- 

rlonrlvnl  •  tifinipHinpfi 

UOUUlilil  ,    > *  '  1  1  1 1  1  1  1  1  1 1  o 

phellandrene 

74. 

E.  ovalifolia 
R.  T.  B. 

Rylstone, 

IN  iOi  VY  . 

0-216 

Pinene,  eucalyptol, 
phellandrene 

75. 

E.  Daiusoni 
R.  T.  B. 

Slaty  Gum 

Bylong, 
N.S.W. 

0-172 

Phellandrene,  sesqui- 
terpene 
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No. 

Botanical  name. 

Vernacular 
name. 

Origin. 

Average 
yield  of  oil 

Principal  chemical 
constituents. 

76. 

E.  angophoroi- 
des  R.  T.  B. 

Apple-topped 
Box 

Towrang, 
N.S.W. 

0-185 

Terpenes,  among 

W  LllKjil    IJllCllil/LIU.1  cllc 

77. 

E.  fastigata 
D.  &  M. 

Cut  Tail 

Monga, 
N.S.W. 

0-263 

Pinene,  phellandrene, 
eudesmol 

78. 

E.  macrorhyn- 
cha  F.  v.  M. 

Red  Stringy- 
bark 

Rylstone, 
N.S.W. 

0-272 

Terpenes,  eucalyptol, 
euflesm  ol 

V-  LJ  V_4  K->  O  111  Ul 

79. 

E.  capitellata 
Sm. 

Brown 
Stringybark 

Canterbury, 
N.S.W. 

0-103 

Terpenes,  small  quan- 
tiitips  of  vntnl 

80. 

E.  nigra 
R.  T.  B. 

Black 
Stringybark 

Woodburn, 
N.S.W. 

0-0295 

Phellandrene 

81. 

E.  pilularis 
Sm. 

Blackbutt 

Belmore, 
N.S.W. 

0-13 

Terpenes,  also  an  as 

vpfc  nntnnwn  fl.lrrtVml 
ycu  uui^iiu  >v n  ai uuiiui 

83. 

E.  acmenoides 
Sch. 

White  Mahog- 
any 

Lismore, 
N.S.W. 

0-358 

Terpenes,  among 
which  phellandrene 

84. 

E.  fraxinoides 
H.  D.  &  J.H.  M. 

White  Ash 

Monga, 
N.S.W. 

0-985 

85. 

E.  Fletcheri 
R.  T.  B. 

Lignum  Vitae 
or  Box 

Thirlmere, 
N.S.W. 

0-352 

Terpenes,  chiefly 
phellandrene 

86. 

E.  microtheca 
F.  v.  M. 

Coolybah  or 
Tangoon 

Narrabri, 
N.S.W. 

0-150 

87. 

E.  hdwicistoma 
Sm. 

White  civ 

T  T   A  J  J  U         \...r  ± 

Scribbly 
Gum 

Barber's 
Creek, 
N.S.W. 

0-241 

Phellandrene,  sesqui- 
terpene 

89. 

E.  crebra 
F.  v.  M. 

Narrow- 
leaved  Iron- 
bark 

Rylstone, 
N.S.W. 

0-159 

Pinene,  phellandrene, 
eucalyptol 

92. 

E.  piperita  Sm. 

The  Sydney 
Peppermint 

Gosford, 
N.S.W. 

0-627 

Pinene,  phellandrene, 
eucalyptol,  eudesmol 
and  piperitone 

93. 

E.  amygdalina 
Labill. 

Messmate 

Moss  Vale, 
N.S.W. 

3-393 

Phellandrene,  euca- 
lyptol and  piperitone 

94. 

E.  vitrea 
R.  T.  B. 

White  Top 
Messmate 

Crook  well, 
N.S.W. 

1-48 

Phellandrene,  euca- 
lyptol 

iXO. 

mi.  ijiiauiiiaii' 
niana  F.  v.  M. 

nJ n  f  i/inn  1 

Park, 
N.S.W. 

0-289 

T*}~\  r»l  1  n  n  r\  rpnp 

X    1  1  <    l  1  L  1  1 1 1 1 1  (    1 1  < 

9G. 

E.  coriacea 
A.  Cunn. 

Cabbage  Gum 

Ilford, 
N.S.W. 

0-452 

Phellandrene,  piperi- 
tone 
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No. 

Botanical  name. 

Vernacular 
name. 

Origin. 

©  o 

c3  o 

Principal  chemical 
constituents. 

97. 

E.  Sieberiana 
F.  v.  M. 

Mountain  Ash 

Barber's 
Creek, 
N.S.W. 

0-421 

98. 

E.  oreades 
R.  T.  B. 

A  Mountain 
Ash 

Lawson, 
N.S.W. 

1-16 

99. 

E.  dives  Sen. 

Broad-leaved 
Peppermint 

Fagan's 
Creek, 
N.S.W. 

2-233 

Phellandrene,  piper- 
itone 

100. 

E.  radiata 
Sieb. 

White  Top 
Peppermint 

Monga, 
N.S.W. 

1-641 

101. 

E.  delegatensis 
R.  T.  B. 

White  Ash, 
Silv,  r  Top 
Mountain 
Ash 

Delegate 
Mountain, 
N.S.W. 

1-76 

102. 

E.  obliqiia 
L'Her. 

Stringy  bark 

Monga, 
N.S.W. 

0-677 

Phellandrene,  a  small 
quantity  aroma- 
dendral 

103. 

E.  stellulata 
Sieb. 

Lead  Gum 

Rylstone, 
N.S.W. 

0293 

Phellandrene 

104. 

E.  Macarthuri 
H.  D.  and 
J.  H.  M. 

Paddy  River 
Box 

Wingello, 
N.S.W. 

0-112 

Geranyl  acetate 

106. 

E.  virgata 
Sieb. 

Springwood, 
N.S.W. 

0-283 

Eudesmol 

107. 

E.  2>atentincrvis 
R.  T.  B. 

Mahogany 

Belmore, 
N.S.W. 

0-254 

Terpenes,  citral  and 
an  as  yet  unknown 
alcohol 

108. 

E.  apicitlata 
R.  T.  B.  and 
H.  G.  S. 

Berrima, 
N.S.W. 

0-296 

Terpenes,  piperitone 

109. 

E.  citriodora 
Hook. 

Citron-scented 
Gum 

Sydney, 
N.S.W. 

0-586 

Citronellal 
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Gajuput  Oil.— This  oil  is  distilled  from  the  leaves  of 
several  species  of  Melaleuca,  myrtaceous  shrubs  growing 
abundantly  in  the  Indian  archipelago,  the  Malay  peninsula, 
and  other  places.  Most  of  the  oil  of  commerce  is  yielded  by 
Melaleuca  minor  or  by  Melaleuca  leucadendron.  The  oils 
from  these  two  trees  can  scarcely  be  distinguished.  The 
British  Pharmacopoeia  give^  Melaleuca  leucadendron 
{Melaleuca  cajuputi).  A  great  portion  of  the  oil  is  distilled 
on  the  islands  of  Bouru  and  Banda,  whence  it  is  brought 
to  Macassar  and  the  neighbourhood  for  shipment.  The 
bulk  of  the  oil  is  exported  in  wine  bottles,  although  ship- 
ment in  drums,  to  save  the  excessive  freight,  has  been 
resorted  to.  The  oil  has  a  powerful  camphoraceous  odour, 
due  largely  to  its  high  cineol  content.  It  is  usually  of  a 
green  colour,  generally  due  to  contamination  with  copper, 
but  can  be  obtained  white  by  re-distillation.  The  specific 
gravity  usually  varies  from  '920  to  -930,  although  the  Austrian, 
Italian  and  Japanese  Pharmacopoeias  allow  a  rather  lower 
limit.  The  present  edition  of  the  British  Pharmacopoeia 
gives  -922  to  '930.  It  is  now  well  recognised  that  0-917  is  a 
permissible  limit  for  genuine  oils  from  the  districts  above 
mentioned.  The  oil  is  almost  optically  inactive,  usually 
varying  from  0°  to  -  2°.  The  refractive  index  is  about 
1-4650  to  1'4680.  Normal  oil  contains  up  to  65  per  cent,  of 
cineol.  In  addition  to  this  body,  to  which  the  oil  owes  its 
value,  terpineol  and  terpinyl  acetate  have  been  found,  and, 
according  to  Voiry  {Jour.  Pharm.  Ghim.,  1888,  p.  149) 
butyric,  valeric  and  benzoic  aldehydes  and  probably  laevo- 
pinene.  The  low  specific  gravity  of  many  commercial 
samples  is  accounted  for  by  adulteration  with  turpentine,  or 
by  abstraction  of  the  cineol.  The  oil  is  not  used  to  any 
extent  internally,  but  is  employed  externally  as  a  stimulant 
and  anti-spasmodic.  Eucalyptus  oil  with  a  high  cineol  con- 
tent is  well  able  to  replace  it  for  most  purposes.  Genuine 
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cajuput  oil  should  contain  at  least  50  per  cent,  of  cineol,  as 
estimated  by  the  phosphoric  acid  process. 

The  oil  from  Melaleuca  viridifolia,  a  plant  growing  abun- 
dantly in  New  Caledonia,  has  been  examined  by  Bertrand. 
The  leaves  when  fresh  yield  about  2-5  per  cent,  of  a  pale 
yellow  oil,  generally  known  as  "  essence  de  Niaouli,"  with  an 
odour  resembling  that  of  cajuput.  The  sample  examined 
(Comptes  Rendus,  cxvi.,  p.  1070)  had  a  specific  gravity  -922 
and  a  rotary  power  +  0°  42'.  Traces  of  valeric  and  benzoic 
aldehydes  are  present  in  this  oil,  the  greater  part  of  which 
consists  of  cineol  and  a  terpene,  probably  pinene.  A  little 
terpineol  is  also  probably  present,  and  possibly  traces  of 
limonene.  Maiden,  and  later  Baker  and  Smith,  have  de- 
scribed a  number  of  species  of  Melaleuca  indigenous  to 
Australia.  The  physical  properties  of  the  oils  from  them  are 
as  follows : — 


Specifi 

3  Gravity. 

Boiling  Point. 

Rotation. 

Melaleuca  decussata 

•938 

183°-209° 

Melaleuca  ericifolia 

•899- -902 

149°-184° 

+  26° 

Melaleuca  linarifolia 

•903- -913 

175°-258° 

+  2°-+  11° 

Melaleuca  Wilsonii . 

•925 

Melaleuca  undnata 

•925 

175°-180° 

+  1°  40' 

Melaleuca  leucadendron 

var.  lancifolia  . 

•955 

-  3°  38' 

Melaleuca  acuminata 

•892 

-  15°  20' 

Melaleuca  thymifolia 

•9134 

172°-214° 

+  2°  6' 

Myrtle  Oil. — This  oil  is  distilled  from  the  leaves  of 
Myrtus  communis,  probably  a  native  of  the  south  of 
Europe,  although  possibly  it  was  introduced  here  from 
Western  Asia.  So  long  ago  as  1867  Gladstone  examined 
this  oil,  but  his  results  are  of  little  value  to-day.  The  specific 
gravity  of  the  oil  varies  from  -895  to  -915,  or  "920  at  times. 
The  rotation  is  to  the  right,  from  +  10°  to  +  30°.  Jahns 
has  shown  that  this  oil  contains  dextro-pinene,  cineol  and  a 
camphor  of  the  formula  C10H1(iO.  Probably  dipentene  also  is 
present.    Under  the  name  "myrtol,"  the  fraction  of  the  oil 
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boiling  between  160°  and  170°  has  been  introduced  into  com- 
merce. It  is  not  a  definite  compound,  and  probably  possesses 
little  value.  Von  Soden  and  Elze  have  found  in  the  higher 
boiling  fractions  of  this  oil  an  alcohol,  C10H18O,  which  they  term 
myrtenol.  It  occurs  chiefly  as. its  acetic  ester.  It  is  a  colour- 
less oil  of  strong  myrtle  odour,  of  specific  gravity  0-985, 
optical  rotation  +  49°  25',  and  boiling  at  220°.  The  oil  is 
sometimes  used  medicinally,  but  probably  a  little  cineol  would 
be  more  useful  than  myrtle-Jeaf  oil  in  any  case  where  it 
might  be  required. 

Cheken-leaf  Oil  is  the  product  of  distillation  of  the  leaves 
of  Myrtus  cheken,  indigenous  to  Chili.  The  yield  is  about 
1  per  cent,  of  a  pale  yellowish-green  oil,  much  resembling 
ordinary  myrtle  oil.  According  to  Weiss,  its  specific  gravity 
is  about  -880,  and  its  optical  rotation  about  +  20° ;  it  consists 
of  pinene  (75  per  cent.),  cineol  (15  per  cent.),  and  substances 
not  further  examined. 

N.  O.  Eosace^e. 

Oil  of  Roses.— Of  the  numerous  varieties  of  the  rose,  only 
a  very  few  are  used  for  the  preparation  of  oil  or  "otto" 
(attar)  of  roses.  Climate  and  soil  have  so  marked  an  in- 
fluence on  this  plant,  that  a  few  varieties  are  found  to  grow 
to  perfection  in  special  localities,  and  these  alone  are  cultivated 
for  the  purpose  of  obtaining  the  oil.  Not  only  does  the 
sweet  and  characteristic  odour  of  rose  vary  much  amongst 
the  different  varieties,  but  many  of  these  are  practically 
odourless,  and  some  even  objectionable  in  this  respect. 

The  "rose  garden  of  the  world,"  as  it  has  been  fittingly 
called,  is  situated  in  the  Balkans,  and  from  the  slopes  of  the 
Balkans  nearly  the  whole  of  the  otto  of  rose  of  commerce 
is  obtained.  The  most  important  centre  of  the  industry  is 
Kezanlik.  The  area  under  cultivation  is  included  between 
the  24th  and  26th  degrees  of  longitude  east,  and  the  42nd 
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and  43rd  degrees  of  latitude  north.  The  geological  formation 
is  chiefly  syenite,  the  decomposition  of  which  has  produced 
a  very  fertile  soil.  The  roses  flourish  best  in  sandy  sun- 
exposed  slopes,  with  a  south  or  south-eastern  aspect.  The 
most  important  districts  are  (1)  the  department  of  Stara- 
Zagora,  including  the  cantons  of  Kezanlik,  Nova-Zagora  and 
Stara-Zagora ;  (2)  the  department  of  Pazardjik,  chiefly  the 
canton  of  Pechtera;  (3)  the  department  of  Philippopolis, 
including  the  cantons  of  Karlovo,  Tchirpan,  Novo-Selo  and 
Brezovo.    The  flowers  are  gathered  before  they  commence 


Pig.  21. — A,  copper  alembic  ;  B,  condenser;  0,  receiver. 


to  open,  in  the  early  morning  just  before  sunrise,  and  the 
picking  continues  till  ten  or  eleven  o'clock,  or  on  cloudy 
days  during  the  whole  day,  as  it  is  important  that  the  roses 
should  not  be  picked  when  the  sun's  heat  is  on  them.  A 
garden  of  an  acre  when  well  planted  will  yield  about  100 
pounds  of  flowers  every  day  for  three  weeks.  The  roses  are 
carried  to  the  distilleries,  which  are  very  numerous,  and 
distilled  as  quickly  as  possible.  However,  if  the  flowers 
come  in  too  quickly  they  are  sometimes  left  for  twenty-four 
hours  before  being  distilled,  the  resulting  oil  being  thereby 


398 


ESSENTIAL  OILS. 


impaired  in  value.  The  distilleries  are  primitive  buildings, 
sometimes  little  better  than  wooden  sheds.  On  one  side  the 
stills  are  kept  in  rows.  These  are  copper  alembics  about  3  to 
5  feet  in  height,  resting  on  a  furnace  built  of  bricks.  The 
average  content  of  each  still  is  about  20  gallons,  the  charge 
usually  being  10  kilos  of  flowers  and  75  litres  of  water. 

The  condenser  is  a   straight  or  worm  tube  passing 
through  a  vat  of  water,  into  which  cold  water  continually 
runs.    A  brisk  fire  is  kept  up  for  an  hour  to  an  hour  and 
a  half,  and  when  10  litres  of  liquid  are  obtained  the  fire  is 
drawn.    At  times  15  litres  are  distilled  over,  but  the  result 
is  an  otto  containing  a  larger  amount  of  stearoptene.  The 
still  is  then  opened  and  the  spent  petals,  or  rather  flowers, 
for  the  green  plants  are  seldom  separated,  are  thrown  away, 
and  the  residual  hot  water  is  returned  to  the  still  with  cold 
water  to  make  up  the  75   litres,  with  a  fresh  charge  of 
flowers.    This  operation  is  repeated  until,  as  a  rule,  40  litres 
of  rose  water  have  been  collected.    These  40  litres  are  now 
distilled,  and  the  first  5  litres  are  collected  in  a  long-necked 
flask.    The  residual  35  litres  are  used  for  distilling  fresh 
flowers.    The  5  litres  distilling  over  are  cloudy,  and  the  oil 
drops  gradually  rise  and  collect  in  the  neck  of  the  flask. 
When  it  has  all  risen,  it  is  removed  by  a  small  tin  funnel 
with  a  tiny  orifice  for  the  water  to  be  drawn  off.    The  yield 
is  variable,  a  warm  humid  spring  with  intervals  of  strong 
sunshine  being  more  favourable  than  an  uninterrupted  hot 
dry  season.    The  average  yield  in  Bulgaria  is  about  1  kilo 
of  otto  from  3,000  kilos  of  rose  leaves.    The  rose  cultivated 
in  this  district  is  Rosa  damascena,  a  red  rose,  but  the  hedges 
of  the  plantations  are  often  made  up  of  Rosa  alba.  The 
latter  are  often  distilled  with  the  red  roses,  but  as  the  result- 
ing oil  contains  more  stearoptene  than  that  of  the  Rosa 
damascena,  it  is  rarely  distilled  alone.    The  difficulties  in 
acquiring  exact  knowledge  on  many  points  connected  with 
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oil  of  roses  has  been  largely  enhanced  by  the  fact  that  adul- 
teration is  very  largely  practised.  The  usual  adulterant  used 
to  be  the  so-called  Indian  geranium  oil,  and  in  spite  of 
stringent  regulations,  and  seizure  of  smuggled  geranium  oil, 
the  practice  still  goes  on  to  an  enormous  extent.  Purified 
geraniol  has,  however,  now  taken  the  place  of  the  crude 
geranium  oil.  It  is  surprising  that  an  industry  of  so  much 
importance  should  have  been  allowed  to  go  on  for  so  many 
years  fettered  by  two  such  great  evils ;  firstly,  the  enormous 
adulteration  practised,  secondly,  the  defective  methods  of 
preparation,  resulting  in  the  spoiling  of  the  fine  odour  of 
much  of  the  otto.  Although  climate  and  soil  have  so  great 
an  influence  on  the  yield  and  quality  of  the  oil,  there  can  be 
no  doubt  that  there  are  localities  where  rose  cultivation  and 
distillation  could  be  carried  on  in  a  scientific  as  well  as  an 
honest  way. 

Formerly  the  Turkish  dealers  were  responsible  for  the 
greater  part  of  the  adulteration,  but  now  the  small  growers 
come  in  for  their  share  of  the  illicit  profits,  and  not  only  do 
they  add  the  adulterant  to  the  distillate,  but  frequently 
sprinkle  tbe  leaves  with  geraniol  before  distillation,  believing 
that  they  so  obtain  a  better  "blend  ". 

The  value  of  a  pure  oil  depends  on  the  quality  of  the 
flowers  used  and  on  the  care  taken  in  distillation.  It  also 
depends  on  the  amount  of  solid  stearoptene  present,  for  this 
portion  of  the  oil  is  quite  inodorous. 

The  value  of  otto  in  the  locality  of  its  distillation  is  gauged 
almost  entirely  by  its  melting  point.  Consequently  sperma- 
ceti or  even  paraffin  wax  has  been  added  to  counteract  the 
reducing  influence  of  the  liquid  geranium  oil.  Eecently,  too, 
guaiacum  wood  oil  (so-called),  an  oil  of  fine  odour  which 
solidifies  with  a  fine  crystalline  structure  at  ordinary  tem- 
peratures, and  consists  of  bodies  much  resembling  those  in 
oil  of  roses,  has  been  used  as  an  adulterant. 
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In  this  connection  it  may  be  mentioned  that  no  standard 
for  the  quantity  of  stearoptene  present  in  natural  rose  oil  can 
be  fixed,  as  climatic  conditions  appear  to  influence  the  ratio 
of  the  solid  to  the  liquid  portion  very  greatly.  From  10  to 
20  per  cent,  occurs  in  Bulgarian  oil,  whereas  that  obtained 
in  the  south  of  France,  in  England  and  in  Germany,  has 
been  stated  to  contain  from  25  to  65  per  cent,  of  stearop- 
tene. In  the  case  of  so  high  a  content  as  the  latter  figure 
it  is  certain  that  the  oil  was  not  prepared  in  the  normal 
way,  probably  being  the  result  of  the  distillation  of  rose 
water.  The  example  set  by  one  or  two  of  the  best  distillers, 
however,  is  now  taking  effect,  and  pure  otto  of  rose  can  be 
obtained  by  dealing  with  a  house  of  repute.  Further,  steam 
distilleries  are  being  erected,  and  so  far  as  one  can  judge  at 
the  present  moment,  an  otto  of  different  properties  is  obtained 
when  distilled  by  steam  instead  of  in  the  usual  manner  (vide . 
infra) . 

Eoses  are  cultivated  to  a  very  large  extent  in  the  south  of 
France  in  the  neighbourhood  of  Grasse,  Cannes  and  Nice. 
Here,  however,  the  variety  most  cultivated  is  Rosa  centifolia. 
The  flowers  are  used  chiefly  for  the  preparation  of  rose  water 
and  rose  pomade,  very  little  oil  being  manufactured,  and 
practically  the  whole  of  this  is  used  in  France  itself,  seldom 
appearing  to  any  great  extent  on  the  English  market.  Here 
the  flowers  are  also  picked  in  the  early  morning,  as  many  as 
150  tons  of  flowers  being  gathered  on  a  single  day  in  the 
province  of  the  Alpes  Maritimes.  The  petals  are  usually 
entirely  separated  from  the  green  parts  in  France.  The  otto 
produced  here  is  of  very  exquisite  odour. 

In  Germany,  Messrs.  Schimmel  &  Co.  have  laid  out  exten- 
sive plantations  near  Klein-Miltitz,  and  although  the  natural 
resources  of  climate  and  soil  are  not  so  favourable  here  as  in 
Bulgaria  or  Southern  France,  the  scientific  and  careful  way  in 
which  the  oil  is  obtained,  to  a  certain  extent  counterbalances 
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this,  and  a  fairly  fine  otto  is  obtained.  In  Algeria,  a  small 
amount  of  otto  is  produced,  but  the  yield  is  less  than  in 
Bulgaria.  In  Persia  and  Cashmere,  however,  it  is  said  that 
nearly  one  pound  of  otto  is  obtained  from  1,500  to  2,000  pounds 
of  petals. 

.Oil  of  roses  is  not  an  easy  oil  to  form  an  opinion  upon 
with  any  degree  of  certainty.  Gross  adulterations  can  easily 
be  detected,  but  judicious  admixtures  are  less  easy  to  deal 
with.  The  British  Pharmacopoeia  requires  that  the  specific 
gravity  at  30°  should  be  between  "856  and  '860,  and  the  con- 
gealing point  from  19*4°  to  22*2°.  These  figures  are  not 
correct.  Normally  distilled  otto  has  a  specific  gravity  0*850 
to  0*858,  rarely  rising  to  0'860  at  The  refractive  index 

is  a  valuable  figure  to  determine  and  should  fall  between 
1*4580  and  1*4650.  Geraniol  raises  this  figure  perceptibly. 
Simmons  gives  187  to  194  as  the  iodine  absorption  value  for 
pure  Bulgarian  otto  of  rose.  The  oil  is  nearly  inactive 
optically,  and  +  1°  to  -  4°  may  be  regarded  as  safe  limits. 
Alcohol  is  sometimes  added  as  an  adulterant,  but  can  be 
diluted  in  the  watery  extract,  when  the  resultant  oil  will  be 
found  to  have  altered  in  its  physical  characters,  such  as  re- 
fractive index  and  gravity.  To  exemplify  the  difference  in  the 
physical  properties  of  certain  oils  produced  in  other  districts, 
the  following  may  be  quoted.  A  Persian  oil,  believed  by 
Schimmel  &  Co.  to  be  pure,  gave  the  following  figures  : — 

Specific  gravity  at  25°  =  -8326 
Optical  rotation  .       .  =  -  9°  7' 
Congealing  point       .  21'5° 

Dupont  has  given  the  optical  rotation  for  French  oil  up  to 
-  8°,  and  this  is  amply  confirmed  by  other  observers. 

Jeancard  and  Satie  (Bull.  Soc.  Ghim.  de  Paris,  1904,  934) 
have  published  a  paper  dealing  with  the  analysis  of  otto  of 
rose.  They  have  distilled  a  sample  from  the  flowers  of  Rosa 
centifolia  freed  from  the  petals,  with  the  following  results  : — 

20 
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Congealing  point        .....  8° 

Stearoptene        .   51-13  per  cent. 

Specific  gravity  at  15°   0*8704 

Rotatory  power   _ 

Melting  point  of  stearoptene   14° 

Free  acid  value  

Saponification  No   22-4 

Alcohols   13-99  per  cent. 

Citronellol   13-56  per  cent. 


An  otto  obtained  from  the  complete  flowers  grown  at 
Cannes  had  the  following  character.  The  oil  melted  at  25-5° 
and  contained  33  per  cent,  of  stearoptene.  The  stearoptene 
was  removed  and  the  oil  then  had  the  following  characters  :— 


Specific  gravity  at  15°   0-879 

Rotatory  power        .       .       .       .       .       ,       .  —  3° 

Solubility  in  70  per  cent,  alcohol     .       .       .      .  1  in  2 

Alcohols    88-55  per  cent. 

Citronellol   22-4  per  cent. 


An  otto  from  the  tea  rose  is  said  to  contain  72  to  94  per 
cent,  of  stearoptene,  although  the  melting  point  was  only 
23,5°.  The  stearoptene  contained  two  bodies,  one  melting 
at  14°  and  the  other  at  40°.  The  authors  recommend  valuing 
otto  of  roses  by  its  stearoptene  and  citronellol  contents.  They 
operate  as  follows : — 

Ten  grammes  of  the  otto  are  weighed  into  a  beaker  and 
50  c.c.  of  acetone  are  added.  The  liquid  is  cooled  to  -  10°  or 
thereabouts,  without  shaking,  and  then  filtered  through  a 
funnel  kept  in  a  refrigerating  mixture.  The  stearoptene  is 
washed  several  times  with  cold  acetone,  and  dried  on  the 
weighed  filter  paper  in  vacuo  over  sulphuric  acid.  They  pro- 
ceed to  give  the  following  as  the  limits  for  twelve  samples  of 


Bulgarian  otto  of  rose  : — 

Melting  point   19°-21° 

Stearoptene   18-23  per  cent. 

Specific  gravity  of  stearoptene-free  oil  at  15°     .  0-886-0-888 

Rotatory  power   — 1°-8° 

Solubility  in  70  per  cent,  alcohol .       .       .       .  1  in  1*5 

Acid  value  .        .   1-2 
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Saponification  value  10-12 

Alcohols  88-84  per  cent. 

Citronellol   30-40  „% 

They  consider  that  all  pure  French  ottos  should  have 
between  30  and  35  per  cent,  of  stearoptene,  and  20  to  23  per 
cent,  of  citronellol  in  the  eleoptene,  whilst  Bulgarian  otto 
should  have  from  18  to  23  per  cent,  of  stearoptene,  and  30  to 
40  per  cent,  of  citronellol  in  the  eleoptene.  The  author  is 
not  prepared  to  agree  with  these  figures  in  their  entirety. 
Firstly,  the  relation  between  the  melting  points  and  the 
stearoptene  values  does  not  appear  to  be  at  all  probable,  and 
secondly,  the  limits  given  must  have  been  taken  from  far 
too  few  samples  to  be  representative.  For  instance,  19°  to  21° 
is  too  narrow  for  the  melting  point  of  the  otto,  and  the 
specific  gravity  of  the  eleoptene  will  vary  outside  the  narrow 
limits  of  0'886  to  0'888.  The  characters  of  the  stearoptene 
should  always  be  examined. 

Burgess  finds  that  for  the  estimation  of  the  stearoptene 
85  per  cent,  alcohol  gives  the  most  accurate  results.  He  finds 
that  5  grammes  of  the  otto  (in  these  experiments  he  also  used  5 
grammes  of  a  standard  solution  of  stearoptene  in  geranium  oil, 
and  in  citronellol — see  table),  in  25  c.c.  of  the  solvent — or  if 
a  weaker  alcohol  be  used  50  c.c. — is  the  most  suitable  quantity 
for  the  determination.  Solution  is  effected  by  means  of  heat, 
and  the  liquid  is  then  cooled  in  ice  for  5  or  6  hours.  The 
stearoptene  is  then  filtered  off  on  paper  over  a  filter  pump  and 
washed,  once  if  85  per  cent,  alcohol  be  used,  twice  if  a  weaker 
spirit  be  employed ;  the  paper  with  the  separated  stearoptene 
is  then  dried  in  vacuo  over  sulphuric  acid  for  12  hours.  It 
is  not  necessary  to  tare  the  filter  paper,  since  the  stearoptene 
can  be  removed  in  one  cake  from  the  paper,  and  weighed 
on  a  watch  glass. 

The  appended  table  (p.  404)  shows  the  results  obtained 
with  the  various  solvents  on  otto  of  rose,  and  on  standard 
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solutions  of  stearoptene  in  geraniol,  and  in  citronellol.  With 
acetone,  he  found  in  some  cases,  a  further  separation  of 
stearoptene  took  place,  so  that  he  has  recorded  the  results 
in  the  form  of  the  two  weighings  of  the  stearoptene  where 
necessary. 

The  addition  of  geranium  oil  (Indian)  or  geraniol  may- 
cause  a  rise  in  the  specific  gravity  sufficient  to  bring  that  of 
the  oil  outside  the  limits  given  above,  but  in  moderate  quantity 
may  avoid  detection  in  this  way.  The  optical  rotation  will 
scarcely  be  affected,  but  the  congealing  point  will  be  lowered, 
and  if  the  original  otto  contained  only  a  moderate  quantity  of 
stearoptene,  this  figure  will  be  reduced  below  the  minimum 
allowable  for  pure  oils.  An  examination  of  the  stearoptene 
thus,  as  mentioned  above,  becomes  necessary.  By  addition  of 
alcohol  and  freezing  as  there  described,  the  stearoptene  can  be 
almost  entirely  separated  on  a  filter  pump  and  washed  with 
alcohol  and  finally  dried.  It  should  then  melt  between  32° 
and  37°,  usually  at  33°  to  34°.  Spermaceti,  and  most  samples 
of  paraffin  wax,  will  cause  this  to  be  rather  higher,  as  will 
also  "  guaiacum  wood  "  oil  if  present  in  more  than  very  small 
quantities.  Salol  and  antipyrin  have  been  found  as  solid 
adulterants. 

Spermaceti  or  stearin  will  be  easily  detected,  whilst  paraffin 
wax  or  the  solid  constituent  of  guaiacum  wood  oil  (which  is 
of  an  alcoholic  nature)  are  not  so  easy  of  detection.  As  the 
stearoptene  of  pure  rose  oil  consists  of  hydrocarbons,  no  fatty 
acids  will  be  obtained  by  saponification,  whereas  spermaceti 
and  stearin  will  yield  on  saponification  and  decomposition  of 
the  resulting  salts  with  hydrochloric  acid,  palmitic  and  stearic 
acids  respectively,  which  may  be  identified  by  their  melting 
points  (palmitic  acid  from  55°  to  62°,  and  stearic  acid  from  62° 
to  68°).  Paraffin  will  be  indicated  by  the  more  granular 
structure  of  its  crystals  than  that  of  the  normal  stearoptene, 
whilst  the  solid  portion  of  guaiacum  wood  oil  consists  chiefly 
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of  a  solid  alcohol  and  will  yield  an  acetyl  figure,  which  is  not 
the  case  with  the  normal  stearoptene. 

The  following  tables  are  given  by  Schimmel : — 


1. 

German 

Oil, 
Miltitz, 
1900. 

2. 

German 

Oil, 
Miltitz, 

1900. 

3. 

T^nl  era  Tinn 

-L*  U.  1  g  til  1  <x  IX 

Oil 

(Kazanlik ), 

4. 

f 

iiulgariaii 
nil 

\  lV4U<illll  1IV  It 

5« 

Oil  from 

from  ou 
Distilled 
by  himself. 

6. 

5hilippople 
r  expert. 

Purchased. 

at  40° 

at  40° 

at  30° 

Specific  gravity 

0-8372 

0-8304 

0-8566 



— 



at  30° 

at  33° 

at  25° 

at  25° 

at  25° 

at  25° 

do. 

08438 

0-8360 

0-8598 

0-8594 

0-8634 

0-8614 

at  30° 

at  33° 

at  30° 

at  25° 

at  25° 

at  25° 

Rotatory  power 

-  0°  44y 

-  0°  52' 

-  2°  20' 

-  2°  43' 

-  2°  58' 

-2°  36' 

Congealing  point  . 

+  29-0° 

+  30-0° 

+  20-0° 

+  20-4° 

+  19-6° 

+  20-4° 

Stearoptene  -  con- 

tent . 

28-50% 

39-97% 

IS -62  % 

18-83  % 

18-49  % 

20-55  % 

A  m  n   mi  tvi  mqt 

-rt-ClU.  IlUHlUfcil  .  . 

Z  O 

U 

U 

2-3 

0 

0 

Sap.  number . 

4-5 

10-4 

11-03 

7-0 

11-1 

10-1 

Sap.  number  after 

acetylisation 

188-7 

171-14 

216-0 

204-1 

214-7 

211-0 

Sap.  number  after 

formylation 

59-21 

47-9 

92-9 

96-8 

104-0 

100-6 

Calculated  from 

these   figures: — 

Total  alcohols 

CioH180 

60-44  % 

54-00  % 

70-38  % 

66-27  % 

70-37  % 

68-93  % 

Citronellol  in  the 

formylation  pro- 

duct . 

16-49  °/0 

13-34  % 

25-88  % 

26-96  % 

28-97  % 

28-03  7, 

Values  obtained  direct  in  analysing  oils  free  from  stearoptene  : — 


Spec,  gravity  at  15° 

0-8857 

0-8886 

_ 

0-8862 

0-S774 

Rotatory  power  20° 

-  0°  56' 

-1°  2' 

-2°  49' 

-  2°  38' 

Sap.  number  after 

acetylisation 

271-55 

261-64 

255-8 

254-8 

Sap.  number  after 

formylation 

74-70 

81-22 

125-28 

127-4 

Total  alcohol 

93-78  % 

90-80  % 

87-04  °/0 

86-63  % 

Citronellol 

20-81  % 

22-63  % 

34-90  70 

35-50  % 

The  percentage  of  free  alcohols  in  the  oil  usually  varies 
from  70  to  75  per  cent.,  estimated  as  geraniol,  by  acetylation. 
Geranium  oil  gives  from  75  to  95  per  cent.,  so  that  no  definite 
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information  is  yielded  in  this  way.  Dietze  (Sudd.  Apotheker 
Zeitung,  xxxvii.  [89],  p.  835)  strongly  recommends  the  acid 
and  ester  values  to  be  determined  by  titration,  and  saponifica- 
tion with  semi-normal  alcoholic  potash.  This  gives  the 
following  figures  (in  percentages  of  potash) : — 


Acid. 

Ester. 

Saponific 

German  rose  oil  . 

•21 

•65 

•86 

Bulgarian 

•12 

•80 

•92 

■14 

•75 

•89 

French  geranium 

•68 

4-79 

5-47 

•50 

5-41 

5-91 

African  ,, 

•75 

4-56 

5-31 

Spanish  ,, 

•98 

7-19 

8-17 

Indian  ,, 

•15 

3-10 

3-25 

Whilst  there  is  no  doubt  that  the  ester  value  of  most 
geranium  oils  is  higher  than  that  of  rose  oil,  the  above  figures 
are  not  comprehensive  enough,  and  the  indications  obtained 
would  be  of  very  little  value  in  the  case  of  admixtures  of 
considerable  quantities  of  geranium  oil. 

Of  the  chemistry  of  oil  of  roses,  although  fairly  well 
understood  now,  much  controversial  matter  has  been  written. 
Eckart  ("  Inaugural  Dissertation,"  Breslau,  1891)  states  that 
a  small  quantity  of  ethyl  alcohol  exists  in  the  oil.  If  this  is 
so,  which  Poleck  denies,  it  is  in  all  probability  the  result  of 
fermentation  taking  place  in  the  leaves,  by  keeping  them 
too  long  before  distillation.  Markovnikoff  and  Eeformatsky 
originally  stated  that  the  liquid  portion  of  rose  oil  consisted 
chiefly  of  an  alcohol  of  the  formula  C10H20O,  which  they  termed 
roseol.  Poleck  and  Eckart  claimed  that  this  alcohol  had 
the  formula  C10H18O,  and  was  identical  with  geraniol.  They 
however  proposed  the  name  rhodinol  (which  was  applied 
to  an  alcohol  C10H2HO  from  geranium  oil  by  Barbier  and 
Bouveault)  for  it.  Bertram  and  Gildemeister  then  showed 
that  the  alcohols  from  rose  oil  were  in  reality  a  mixture  of 
two  bodies,  of  which  they  agreed  that  geraniol  C10H18O  was 
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the  chief  constituent.  Tiemann  and  Schmidt  explained  these 
differences,  proving  that  the  alcohols  consisted  of  about  75 
per  cent,  of  geraniol  C10H18O  and  25  per  cent,  of  an  alcohol 
C10H20O,  which  was  identical  with  that  obtained  by  reducing 
citronellic  aldehyde.  Hence  they  naturally  insisted  on  the 
name  citronellol.  Much  confusion  has  unnecessarily  been 
caused  by  various  chemists  giving  names  to  alcohols  they 
had  isolated  from  different  oils  in  an  impure  state,  and 
refusing  to  alter  these  names  after  it  had  been  conclusively 
proved  that  they  were,  when  pure,  identical  with  already 
known  bodies.  Lemonol,  rhodinol,  reuniol  and  roseol  are  all 
either  geraniol  or  citronellol,  or  mixtures  of  them.  Traces  of 
esters  of  these  two  alcohols,  and  of  free  acids  resulting  from 
their  decomposition  also  occur.  The  stearoptene  was  regarded 
by  Markovnikoff  as  consisting  of  a  single  paraffin  hydrocarbon 
of  the  formula  C16H34,  melting  at  37°,  but  Schimmel  &  Co. 
have  separated  two  hydrocarbons  melting  at  22°  and  41° 
respectively,  from  the  stearoptene.  This  has  been  confirmed 
by  Dupont  and  Guerlain.  These  chemists  suggest  that  the 
ester,  which  appears  to  be  found  in  larger  quantity  in  French 
oils  than  in  any  other,  is  an  important  odoriferous  constituent, 
and  is  destroyed  by  repeated  distillation  with  water.  They 
separated  the  liquid  portion  of  the  oil  and  found  it  had  an 
optical  rotation  of  -  10°  30',  which  decreased  to  -  7°  55'  after 
hydrolysis.  Charabot  and  Chiris  invariably  find  rose  water 
acid,  which  tends  to  confirm  this  hjqpothesis. 

Phenyl  ethyl  alcohol  has  recently  been  shown  to  be  a 
normal  constituent  of  otto  of  rose,  but  it  appears  to  be  mostly, 
if  not  entirely  lost  or  destroyed  by  the  Bulgarian  method  of 
distillation.  Nerol  is  also  present  in  small  amount  as  well  as, 
probably,  farnesol,  a  sesquiterpene  alcohol  C15Ho0O,  present 
in  oil  of  cassie  flowers.  Eugenol  and  nonylic  aldelryde  are 
also  probably  present  in  traces.  It  is  possible  that  the  method 
of  distillation  by  steam  vacuum  stills  in  Bulgaria  causes  the 
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phenyl  ethyl  alcohol  to  be  preserved  in  the  otto,  and  less 
stearoptene  to  be  brought  over.  It  will  probably  be  necessary 
to  fix  fresh  standards  for  this  steam-distilled  otto  as  soon  as 
more  stills  are  working  in  Bulgaria.  At  present  it  is  only 
possible  to  say  that  such  otto  appears  to  have  a  much  higher 
specific  gravity  and  refractive  index  than  ordinary  otto,  and 
to  contain  phenol  ethyl  alcohol. 

Schimmel  &  Co.  have  recently  suggested  the  following 
figures  for  Bulgarian  rose  oil :  cZffo  0"849  to  0-862,  rarely  up 
to  0-863 ;  ad  -  1°  30'  to  -  3° ;  nd2m  1-452  to  1-464 ;  congealing 
point  +  19°  to  +  23-5° ;  acid  number  0'5  to  3 ;  ester  number 
8  to  16 ;  total  geraniol  (geraniol  plus  citronellol)  66  to  74  per 
cent.,  exceptionally  up  to  76  per  cent. ;  citronellol  26  to  37 
per  cent.,  generally  30  to  33  per  cent. 

The  citronellol  determination  is  carried  out  by  formylating  ; 
they  take  for  1  vol.  oil  2  vols.  100  per  cent,  formic  acid,  and 
heat  the  mixture  for  one  hour  in  a  reflux  condenser ;  for  the 
rest  the  process  is  the  same  as  in  acetylating. 

It  must  be  admitted  that  the  sense  of  smell  is  one  of  the 
most  useful  criteria  of  the  purity  of  this  oil,  and,  on  account 
of  the  high  price  and  wholesale  adulteration,  it  is  imperative 
that  the  oil  should  be  purchased  through  a  reliable  source. 
Its  sole  employment  is  for  the  purposes  of  perfumery ;  its 
employment  in  pharmacy  being  merely  to  scent  various 
preparations. 

Oil  of  Bitter  Almonds. — The  true  bitter  almond  oil  is 
obtained  by  distilling  the  seeds  (almonds)  of  Amygdalus 
communis  var.  amara  with  water  after  the  fixed  oil  has 
been  extracted  by  expression.  The  kernels  of  the  apricot 
and  peach  yield  essential  oils  practically  identical  with  that 
from  the  almond,  and  the  greater  part  of  the  bitter  almond 
oil  of  commerce,  especially  the  foreign  oil,  is  obtained  from 
the  former  (Prunus  armeniaca).  The  following  remarks 
may  be  taken  as  generally  applicable  to  all  three  oils  : — 
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Bitter  almond  oil  does  not  exist  as  such  ready  formed 
in  the  seeds  (almonds,  kernels).  It  results  from  the  action  of 
water  on  the  glucoside  amygdalin,  under  the  influence  of  the 
natural  ferment  emulsin,  present  in  the  seeds.  The  reaction 
taking  place  is  expressed  by  the  following  equation : — 1 

C20H27NOU  +  2H20  =  C7H60  +  2C6H1206  +  HON. 

Amygdalin.  Benzaldehyde.  Dextrose. 

Amygdalin,  taking  up  two  molecules  of  water,  yields 
benzaldehyde,  dextrose  and  hydrocyanic  acid.  Amygdalin 
is  a  crystalline  body,  without  any  smell  of  the  bitter  almond 
and  does  not  yield  the  oil  except  under  the  influence  of  a 
hydrolytic  agent,  such  as  the  natural  ferment  emulsin,  or 
by  boiling  with  dilute  acids.  The  action  of  the  ferment  is 
destroyed  by  heat  or  by  warm  alcohol.  Hence  if  dried  and 
powdered  bitter  almonds  are  shaken  with  boiling  water  and 
distilled,  no  oil  is  obtained.  After  the  fixed  oil  has  been 
expressed  the  press-cakes  are  ground  up  and  soaked  for  about 
twenty-four  hours  in  twice  their  weight  of  water,  to  which 
a  quantity  of  salt  is  usually  added.  The  whole  is  then 
subjected  to  distillation.  Some  trouble,  however,  is  ex- 
perienced during  the  process,  as  the  large  quantity  of 
albuminoids  present  causes  excessive  frothing.  To  remedy 
this,  the  press-cakes  are  coarsely  powdered  and  at  once 
immersed  in  boiling  water  to  coagulate  the  albuminoids 
and  dissolve  the  amygdalin.  The  emulsin  is,  of  course, 
rendered  inactive,  so  that  on  cooling,  a  quantity  of  emulsin 
of  the  fresh  cake  in  cold  water  is  added  to  the  previously 
treated  mass.  This  is  allowed  to  stand,  until  the  emulsin 
will  have  converted  the  whole  of  the  amygdalin  into  essential 
oil.  The  mixture  is  now  distilled.  As  hydrocyanic  acid  is 
a  very  deadly  substance,  it  is  necessary  to  use  great  care 

1  Brannt  (Animal  and  Vegetable  Fats  and  Oils)  gives  the  following  ex- 
traordinary and  erroneous  reaction  : — 

2C20H27NOn  =  4C7H(iO  +  2HCN  +  C8H120,j  +  4CH202  +  4H20. 
Amygdalin.    Benzalhchyde.  Glucose.  Formic  Acid. 
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that  none  of  the  vapour  is  allowed  to  escape  into  the  air. 
The  distillation  is  effected  by  direct  steam  in  most  cases. 
The  oil  of  almonds  so  obtained  contains  a  considerable 
amount  of  hydrocyanic  acid,  the  remainder  being  almost 
pure  benzaldehyde,  C6H5 .  COH.  The  absolutely  natural  oil 
is  a  regular  commercial  article,  but  much  is  deprived  of  its 
hydrocyanic  acid  before  being  sold,  and  is  then  listed  at 
a  correspondingly  high  price  as  "Oil  of  Almonds  (S.A.P.)  " 
(i.e.,  Sine  Acid.  Prussic).  The  following  methods  are  used 
to  deprive  the  oil  of  this  poisonous  constituent : — 

The  oil  is  mixed  with  its  own  volume  of  water  and  the 
mixture  left  on  a  water  bath  with  red  oxide  of  mercury, 
slaked  lime  and  ferrous  chloride,  out  of  contact  with  the 
air.  After  all  the  prussic  acid  has  been  decomposed,  the 
oil  is  rectified  and  contains  no  trace  of  prussic  acid.  This 
process  was  suggested  by  Eedwood.  Liebig  used  oxide  of 
mercury  only.  Mackay  prefers  agitating  at  intervals  for 
forty-eight  hours  with  a  mixture  of  lime  and  liquor  potassse. 
To  detect  any  traces  of  prussic  acid  left  in  the  oil,  a  little 
of  it  is  dissolved  in  alcohol,  and  a  little  solution  of  potash 
and  a  little  solution  of  ferrous  sulphate  are  added.  On 
the  addition  of  a  dilute  acid,  Prussian  blue  appears  if  any 
hydrocyanic  acid  is  present.  Benzaldehyde  is  very  readily 
oxidised  by  the  oxygen  of  the  atmosphere  to  benzoic  acid,  so 
that  the  oil  almost  invariably  contains  traces  of  this  body, 
and  if  kept  in  bottles  that  are  not  quite  full  the  oxidation 
becomes  more  rapid,  and  crystals  of  benzoic  acid  are  de- 
posited. This  is  more  especially  the  case  when  the  oil  has 
been  freed  from  prussic  acid.  According  to  Schimmel  & 
Co.,  10  per  cent,  of  alcohol  added  to  the  oil  retards  this 
oxidation. 

Benzaldehyde  is  very  easy  to  manufacture  on  a  large  scale 
by  numerous  processes,  consequently  artificial  oil  of  almonds 
(not  to  be  confounded  with  the  coarse  imitation  oil,  nitro- 
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benzene  or  mirbane  oil)  is  now  a  regular  commercial  article, 
and  may  be  obtained  in  various  grades  of  purity.  Although 
very  useful  for  the  cheaper  grades  of  perfumery,  this  artificial 
oil  does  not  possess  the  delicate  odour  of  the  natural  body. 
To  get  the  best  results  the  artificial  oil  should  be  obtained 
free  from  chlorine,  which  is  usually  present  in  the  cheap 
commercial  article.  The  usual  methods  of  preparing  ben- 
zaldehyde are  by  heating  two  parts  of  benzyl  chloride  with 
three  parts  of  lead  or  copper  nitrate  and  ten  parts  of  water  in 
a  current  of  carbonic  anhydride  for  some  hours  under  a  reflux 
condenser;  or  some  similar  condensing  process.  Half  the 
liquid  is  then  distilled  off  and  the  oil  separated.  Or  benzal 
chloride  Co .  H6 .  CHC12  is  heated  in  an  iron  vessel  with  lime 
or  soda,  under  pressure.  Pure  benzaldehyde  is  a  colourless 
mobile  liquid,  of  specific  gravity  1*050,  boiling  at  179°.  It  is 
more  soluble  in  water  than  most  essential  oils. 

Natural  almond  oil  is,  in  the  crude  state,  a  yellowish 
liquid,  but  is  white  when  rectified,  of  specific  gravity  1*045 
to  1*070,  but  usually  from  1*045  to  1*055.  It  is  optically 
inactive.  Its  refractive  index  is  about  1*545  or,  if  free  from 
prussic  acid,  1*550.  It  is  often  adulterated  with  artificial 
benzaldehyde,  and  if  the  purest  variety  be  used  it  is  impos- 
sible, within  certain  limits,  to  detect  it,  except,  possibly,  by 
the  nose.  If  the  cheaper  variety  has  been  used,  chlorine 
•compounds  will  be  present  and  may  be  detected  as  follows. 
A  piece  of  filter  paper  is  saturated  with  the  oil  and  placed  on 
a  small  porcelain  dish  standing  in  a  larger  one.  A  large 
beaker  whose  sides  are  moistened  with  distilled  water  is 
■stood  over  the  smaller  dish,  the  paper  having  been  set  alight. 

The  gases  generated  by  the  combustion  are,  to  a  certain 
•extent,  absorbed  by  the  water  on  the  sides  of  the  beaker, 
which  is  rinsed  out  with  a  little  more  distilled  water.  The 
liquid  is  filtered,  and  one  drop  of  nitric  acid  and  a  few  drops 
of  solution  of  silver  nitrate  are  added  to  the  filtrate;  the 
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formation  of  insoluble  silver  chloride  is  strong  evidence  that 
artificial  benzaldehyde  is  present. 

In  addition  to  benzaldehyde  (and  4  to  8  per  cent,  of 
hydrocyanic  acid)  oil  of  almonds  contains  phenyl-hydroxy- 
acetonitrile  (the  nitrile  of  mandelic  acid),  C6HftCH(OH)CN. 
In  some  specimens  of  oil,  probably  those  which  have  been 
prepared  at  a  high  temperature,  benzoin  has  been  found. 
This  body  has  the  formula  C6H6CH(OH)CO.C6H5.  Hydro- 
cyanic acid  may  be  detected  by  adding  to  water  which  has  been 
well  shaken  with  the  oil  ferric  and  ferrous  chlorides  or  sulphates 
and  then  solution  of  caustic  potash.  On  acidifying  the  liquid 
a  blue-green  colour  or  precipitate  will  be  formed  in  the 
presence  of  hydrocyanic  acid  (ferrocyanides  and  f erricyanides). 
It  may  be  estimated  by  dissolving  1  gramme  of  oil  in  5  c.c.  of 
alcohol,  and  adding  50  c.c.  of  water.  Then  add  ammonio- 
silver  nitrate  solution  and  shake  well.  Acidify  slightly  with 
nitric  acid,  and  collect,  wash  and  dry  the  silver  cyanide 
precipitated.  Ignite  and  weigh  the  silver,  four  parts  of  which 
correspond  to  practically  one  of  hydrocyanic  acid. 

Another  adulterant,  of  a  much  grosser  character,  is  oil  of 
mirbane.  This  is  the  cheap  almond  oil  substitute  so  largely 
used  for  perfuming  common  toilet  soaps.  Chemically  it  is 
nitrobenzene  C0H5NO2,  more  or  less  mixed  with  impurities, 
of  which  the  most  common  is  nitrotoluene,  which  sometimes 
itself  forms  the  greater  part  of  cheap  nitrobenzene.  Indeed, 
nitrotoluene  in  any  great  quantity  may  be  regarded  as  an 
adulterant  of  nitrobenzene.  The  latter,  when  pure,  is  a 
yellowish  liquid  of  specific  gravity  at  0°  of  l-200,  boiling  at 
about  206°,  and  solidifying  at  +  2°  to  +  3°.  It  has  a  coarse 
almond-like  odour,  and  is  poisonous  when  taken  internally, 
and  irritating  to  the  skin  when  used  externally.  The  cheap- 
ness of  artificial  benzaldehyde  should  discourage  its  use  in 
even  the  very  cheap  toilet  soaps.  Nitrotoluene  CoH^CH.,) 
N02  exists  in  three  isomeric  modifications,  and  nitroxylene 
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(C6H3)(CH3)2N02  in  more  still.  These  bodies  are  found  to  a 
considerable  extent  in  the  cheaper  qualities  of  nitrobenzene. 
Consequently  it  is  important  that  commercial  samples  should 
have  physical  characters  in  approximate  agreement  with 
those  above  quoted. 

To  detect  the  presence  of  this  objectionable  substituent  in 
oil  of  almonds  a  little  of  the  oil  is  warmed  with  iron  filings 
and  acetic  acid.  The  nitrobenzene  is  reduced  to  aniline 
C6H5NH2,  which  is  distilled  off  and  collected.  To  the  dis- 
tillate a  few  drops  of  solution  of  ordinary  chloride  of  lime  is 
added.  If  aniline  be  present  the  liquid  yields  the  charac- 
teristic violet  colour.  Pure  benzaldehyde  combines  with 
sodium  bisulphite  to  form  a  crystalline  compound  without 
the  characteristic  almond  odour.  Samples  adulterated  with 
nitrobenzene,  when  shaken  with  excess  of  bisulphite  of 
sodium  solution,  so  that  the  benzaldehyde  is  entirely  com- 
bined, then  have  the  characteristic  coarse  nitrobenzene 
odour. 

This  oil  is  used  in  confectionery,  perfumery,  and,  to  a 
small  extent,  in  medicine.  The  oils  distilled  from  peach  and 
apricot  kernels  are  practically  identical  with  essential  oil  of 
almonds. 

Cherry  Laurel  Oil  is  distilled  from  the  leaves  of  Prvmus 
laurocerasus,  an  evergreen  shrub,  a  native  of  South-eastern 
Europe  and  Asia  Minor.  Most  of  the  oil  is  distilled  in  the 
south  of  Switzerland  and  in  Italy.  It  is  obtained  also  in 
England  and  Germany,  together  with  the  official  cherry 
laurel  water,  by  distilling  the  leaves  in  the  ordinary  way. 
The  oil  is  optically  inactive,  and  has  a  specific  gravity  1050 
to  1*065.  It  contains  benzaldehyde,  prussic  acid,  and  possibly 
traces  of  benzyl  alcohol,  and,  indeed,  differs  very  little  from 
oil  of  bitter  almonds. 

Wild  Cherry  Bark  Oil. — The  bark  of  Prunus  Virginia  im 
yields  about  "2  per  cent,  of  essential  oil  of  specific  gravity 
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about  l-050,  and  optically  inactive.  It  contains  benzalde- 
hyde  and  prussic  acid,  and  closely  resembles  oil  of  bitter 
almonds. 

Oil  of  Meadowsweet. — Tbis  oil  is  obtained  by  distilling 
tbe  berb  Spircea  Ulmaria.  It  contains  salicylic  aldebyde 
C6H4(OH)  (COH),  a  terpene,  and  a  campbor-like  substance, 
traces  of  metbyl  salicylate,  vanillin  and  beliotropin.  Tbe 
oil  is  artificially  prepared  by  distilling  salicin,  tbe  glucoside 
of  this  plant,  witb  cbromic  acid.  If  tbe  distillation  is  carried 
too  far  a  little  furfurol  also  comes  over,  which  causes  the  oil 
to  become  very  dark  on  keeping.     The  oil  is  but  little  used. 

N.  0.  RUTACE2E. 

Lemon  Oil. — This  oil,  one  of  the  most  important  of  all  the 
essential  oils  from  the  commercial  point  of  view,  is  obtained 
by  various  processes  from  the  fresh  peel  of  the  ordinary 
lemon,  Citrus  limonum.  The  tree  is  a  native  of  India,  and 
was  introduced  into  Southern  Europe,  probably  first  into 
Spain,  and  thence  to  the  South  of  France  and  Italy.  There 
are  numerous  varieties  and  hybrids,  but  the  ordinary  lemon 
forming  the  fruit  of  commerce  is  the  Genoese  lemon.  This 
is  cultivated  on  the  Mediterranean  littoral,  especially  between 
Nice  and  Genoa,  in  Calabria,  Sicily,  Spain  and  Portugal,  and 
on  nearly  the  whole  coast  of  Liguria.  Many  of  the  British 
Colonies  are  now  cultivating  this  fruit,  Australia  for  many 
years  past  having  filled  its  own  requirements  for  lemons  ;  the 
trees  are  also  extensively  grown  in  New  South  Wales, 
Florida,  California  and  Jamaica,  and  will,  probably,  shortly 
produce  the  oil  in  considerable  quantities.  The  oil  is  obtained 
between  the  months  of  November  and  March,  or  April,  and 
the  processes  used  are  the  following  (which  have  been  already 
described  in  detail,  see  page  80  et  seq.).  (1)  The  Spugna 
or  sponge  process,  by  which  the  oil  is  removed  from  the 
burst  oil  cells  of  the  peel  by  a  sponge.    (2)  The  Ecuelle 


416 


ESSENTIAL  OILS. 


method,  by  which  the  lemons  are  rolled  about  in  vessels- 
covered  with  spikes  and  the  oil  collected  in  a  receptacle  in 
the  handle  of  the  vessel.  (3)  Machine  processes,  such  as  the 
thermo-extractor  described  on  page  85.  (4)  Simple  dis- 
tillation. This  method  gives  a  very  inferior  oil,  and  is  often 
applied  to  the  peels  from  which  all  the  oil  obtainable  by  other 
processes  has  been  obtained.  (5)  Expression  in  bags  in 
ordinary  presses. 

The  sponge  method  is  the  typical  process  in  use  in  the 
chief  lemon  oil  districts — Sicily  and  Calabria  ;  the  ecuelle 
method  being  employed  chiefly  in  the  South  of  France  and 
North  of  Italy,  and  to  a  certain  extent,  of  course,  in  the  south. 

The  oil,  though  fairly  constant  in  its  characters  when 
pure,  varies  according  to  the  period  of  the  harvest,  the 
weather  and  the  locality.  For  example,  the  oil  obtained 
during  the  first  two  months  of  the  season — November  and 
December — -is  usually  of  the  finest  character,  and  also, 
possibly  as  a  coincidence  only,  usually  possesses  the  highest 
optical  rotation. 

The  greater  part  of  the  oil  of  commerce  is  produced  in  the 
district  of  Messina,  on  the  north-east  of  the  island  of  Sicily, 
and  the  adjacent  districts  along  the  coast  to  the  west ;  a 
considerable  amount  is  produced  in  the  Palermo  province, 
and  all  along  the  east  coast  of  the  island;  and  a  large 
amount  also  in  Calabria,  which  is  chiefly  exported  from 
Keggio.  An  approximate  idea  of  the  relative  production  of 
these  districts  is  seen  from  the  export  returns  during  1905, 
which  were  as  follows : — 

From  Messina  ....  742,567  kilos. 

„    Reggio  ....  95,319  „ 

„    Palermo  ....        26,041  „ 

„    Catania  ....         4,317  „ 

Apart  from  the  alteration  in  rotatory  power  suggested 
above  as  coinciding  with  the  time  of  the  crop,  although 
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possibly  having  no  direct  relation  to  the  quality  of  the  oil,  it 
is  found  that  the  oil  obtained  from  round  about  Barcelona 
(near  the  northern  coast)  and  from  the  plains  of  Syracuse  (on 
the  south-eastern  coast)  possess  the  highest  average  rotations 
of  all  the  oils,  this  figure  varying  from  +  64°  to  +  65°.  The 
following  figures  are  found  for  the  various  districts  : — 

From  +  57°  to  +  61°  .    .  Messina  and  neighbourhood,  Nizza  di  Sicilia. 
„     +  61°  to  +  63°  .    .  Acireale,  S.  Teresa  di  Riva,  Scaletta,  S.  Lucia, 

Patti,  S.  Agata,  S.  Stefano. 
„     +  63°  to  +  64°   .    .  Catania,  Giarre,  Giardini,  Acireale,  Lentini. 
,,     +  64°  to  +  65°   .    .  Barcelona,  Syracusa. 

Palermo  oils  are  usually  about  4-  57°  to  +  61°,  and  the 
Calabrian  oils  at  +  59°  to  +  62°  30'.  In  the  author's  experi- 
ence these  limits  are  of  very  small  value  and  cannot  be 
taken  as  in  the  least  degree  conclusive.  Cool  rainy  weather 
appears  to  have  some  effect  on  the  optical  rotation,  but  all 
one  can  say  conclusively  is  that  the  average  rotation  observed 
during  one  season's  crop  is  sometimes  2°  or  3°  higher  or  lower 
than  that  of  the  preceding  year.  The  Palermo  oil  and  the 
Messina  oil  differ  somewhat  in  their  odour,  etc.,  so  that  a 
trained  nose  can  discriminate  between  them.  This  difference 
has  been,  to  a  certain  extent  at  all  events,  explained  by 
Umney  and  Swinton  (vide  infra). 

The  well-defined  constituents  of  lemon  oil  are  the  ter- 
penes  limonene,  laevo-pinene,  camphene  and  the  sesquiterpene 
limene ;  limonene  forming  about  90  per  cent,  of  the  oil.  The 
oxygenated  bodies  fuming  the  otber  10  per  cent,  are  citral, 
nonyl  and  decyl  aldehydes,  geraniol  and  linalol  and  their 
acetic  esters  (the  latter  stated  to  be  only  present  in  Palermo 
oils  and  thus  probably  accounting  for  the  slight  difference  in 
odour  between  this  and  Messina  oils),  citraptene  CnH10O4, 
and  a  stearoptene  of  unknown  constitution. 

A  study,  covering  a  rdsumd  of  other  work  on  the  question 
of  citraptene  (limettin)  by  Ernst  Schmidt,  appears  in  the 
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Archiv  der  Pharmazie  (1904,  288).  The  early  work  of 
Brissenot,  Blanchet  and  Sell  and  Mulder  is  referred  to,  as  is 
also  the  analysis  by  Berthelot.  This  brings  us  up  to  the  first 
of  the  recent  workers,  Crismer,  who  gave  143°  to  144°  as  the 
melting  point,  and  C10H10O4  as  the  formula  of  the  stearoptene 
of  lemon  oil.  Schmidt  isolated  a  crystalline  body  melting 
at  146°  to  147°  and  having  a  blue  fluorescence  in  alcohol 
solution,  and  he  states  that  this  body  is  the  citraptene  of 
Crismer,  and  the  limettin  of  Tilden  and  Beck.  Theulier 
had  already  stated  that  a  crystalline  body  melting  at  145°  and 
an  amorphous  one  melting  at  76°  were  the  chief  constituents 
of  the  solid  mass  obtained  on  the  distillation  of  lemon  oil ;  of 
these  citraptene  is  the  principal. 

Schmidt  gives  146°  to  147°  as  the  melting  point  of  this  body, 
for  which  the  name  citraptene  is  retained.  Three  analyses 
gave  the  following  results  : — 

Carbon.  Hydrogen.  Calculated  for  CuHi0O4. 

63-92  5-04  0  63-98 

63-83  5-01  H  4-85 

63-82  4-75  0  31-17 

This  formula  is  in  agreement  with  that  assigned  to  limettin 
by  Tilden  and  Beck. 

Citraptene  contains  two  methoxyl  groups  ;  when  treated 
by  Zeisel's  method  to  remove  the  methyl  groups,  the  de- 
methylated  citraptene,  C9Ho04,  yields  phloroglucin  and  acetic 
acid  on  fusion  with  alkali. 

Citraptene  has  the  general  character  of  an  acid  anhydride, 
according  to  Schmidt,  its  corresponding  acid  being  unstable 
and  rapidly  converted  into  a  lactone. 

Citraptene  appears  to  be  a  di-methoxy-coumarin  of  the 

formula — 

C.OCH3 


HC 
CH3OC 


CH 


C . CH : CH 

/ 

CO  .  CO 
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Citral  with  the  nonyl  and  decyl  aldehydes  are  perhaps  the 
chief  odour-bearing  constituents  and  are  present  from  3  to  4 
per  cent,  in  the  oil. 

Adulteration,  which  was  until  recently  very  frequent,  is 
still  common.    Turpentine  was  the  regular  adulterant,  with, 
at  times,  the  poorer  quality  distilled  oil  of  lemons.    But  adul- 
teration with  turpentine  is  now  so  easily  detected  that  the 
sophistication  is  frequently  carried  out  in  a  more  scientific 
manner.    Mixtures   with  the  proper  specific  gravity  and 
optical  rotation  can  easily  be  made  up  from  turpentine  and 
orange  oil— the  poorer  qualities  of  the  latter  of  course  being 
used— and  such  mixtures  are  often  used  to  adulterate  the  oil. 
But  the  most  formidable  adulterant  from  the  analyst's  point 
of  view  is  one  that  has  only  come  into  vogue  during  the  last 
few  years,  viz.,  the  terpenes  obtained  in  manufacturing  the 
"  terpeneless  "  or  concentrated  oils  of  lemon  and  oil  of  orange, 
the  latter  being  sometimes  added  to  turpentine  to  raise  the 
optical  rotation. 

The  terpenes  are  sometimes  used  alone,  sometimes  together 
with  a  little  citral  obtained  from  lemon-grass  oil.  Before 
discussing  the  analysis  of  lemon  oil,  a  few  words  on  the 
citral  content  will  not  be  out  of  place.  It  is  a  common 
custom  to  export  oil  of  lemons  with  a  guaranteed  citral 
content,  and  to  sell  it  upon  that  basis.  In  judging  of  the 
value  of  such  a  basis  for  the  market  value  of  the  oil,  the 
following  points  should  be  carefully  noted  :— 

(1)  The  value  of  the  oil  depends  on  its  percentage  of 
oxygenated  constituents,  which  are  soluble  in  weak  alcohol. 

(2)  The  terpenes  are  practically  odourless  and  insoluble, 
therefore  valueless,  for  the  general  purposes  for  which  lemon 
oil  is  employed. 

(3)  The  percentage  of  terpeneless  oil  obtained  by  careful 
fractionation  is  an  indication  of  the  value  of  the  oil.  " 

It  would  be  more  rational  in  valuing  this  oil  not  to  give 
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the  percentage  of  citral  which  might  be,  in  fact  often  is,  added 
as  lemon-grass  citral,  but  to  return  the  amount  of  terpeneless 
oil  actually  obtainable  by  careful  fractionation.  It  has  been 
found  in  practice  that  genuine  oils  only  yield  from  5  to  6  per 
cent,  of  terpeneless  oil,  which  in  the  strict  sense  of  the  term 
are  not  terpeneless  but  contain  a  fair  proportion  of  sesqui- 
terpenes ;  however,  such  oils  will  not  contain  more  than  50 
per  cent,  of  total  aldehydes,  and  therefore  the  amount  of  citral 
calculated  on  the  original  oil  would  be  about  3  per  cent.  No 
lemon  oil  ever  contains  anything  like  7  per  cent,  of  citral,  which 
is  a  figure  often  given  by  Messina  analysts. 

Although  the  determination  of  citral  has  for  some  years 
past  been  considered  by  many  analysts  the  most  important 
factor  in  the  valuation  of  this  oil,  it  will  be  seen  from  the 
above  remarks  that  it  will  be  somewhat  misleading  when 
citral  from  lemon  grass  or  Backhousia  citriodora  is  added. 
At  present  there  is  no  really  accurate  or  reliable  method  for 
the  determination  of  citral  in  lemon  oil  (although  many  have 
been  recently  suggested) ;  this  is  not  surprising  when  the 
small  amount  of  aldehydes  normally  present  is  considered. 

Lemon  oil  is  apt  to  deteriorate  on  keeping.  It  will  often 
become  cloudy  and  paler  in  colour  and  develop  an  unpleasant 
odour.  The  traces  of  water  dissolved  in  the  oil,  and  after- 
wards separating  out,  are  responsible  for  the  turbidity,  but 
the  general  deterioration  is  undoubtedly  due  to  chemical 
change,  in  which  the  terpenes  play  the  chief  part.  To  keep 
the  oil  most  perfectly  it  should  be  stored  in  bottles  quite  full, 
to  avoid  contact  with  air,  and  in  a  cool  dark  place.  Absolute 
alcohol  is  also  added  to  the  oil  for  the  purpose  of  keeping  it. 

Chemical  and  Physical  constants  :  The  specific  gravity  of 
a  pure  lemon  oil  should  be  between  "857  and  "862.  These 
limits  are  rarely  exceeded.  The  optical  rotation  taken  at  20° 
should  not  be  less  than  +  57°,  and  is  usually  between  this 
figure  and  +  64°.    Increase  in  temperature  causes  a  slight 
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diminution  in  rotatory  power,  but  this  does  not  amount  to 
more  than  about  -  8'  or  -  9'  per  degree  rise  in  the  temperature 
of  the  oil.  The  refractive  index  for  pure  oils  lies  within  the  com- 
paratively narrow  limits  of  1-4730  to  1-4750.  Pure  lemon 
oil  commences  to  boil  at  170°  to  172°,  and  from  20  to  30  per 
cent,  will  be  obtained  from  172°  to  174°.  However,  the  per- 
centage of  the  fractions  at  temperatures  near  to  one  another 
are  so  dependent  on  the  exact  form  of  the  fractionator,  that 
the  results  are  not  constant  enough  to  be  of  much  value,  un- 
less any  oil  distils  below  170°. 

To  determine  the  purity  or  otherwise  of  lemon  oil  a  some- 
what prolonged  analysis  is  necessary,  no  one  constant  being 
of  much  value  by  itself ;  in  fact  since  the  old  crude  form  of 
adulteration  by  means  of  turpentine  has  been  almost  entirely 
replaced  by  the  more  scientific  adulteration  with  terpenes 
(the  by-product  obtained  in  the  manufacture  of  terpeneless 
oils)  and  a  small  amount  of  citral  from  lemon-grass  oil,  the 
true  value  of  an  oil  can  only  be  ascertained  by  means  of  care- 
ful fractionation. 

The  following  scheme  will  however  detect  any  adultera- 
tion : — 

(1)  Determine  the  specific  gravity  at  15°  C. 

(2)  Optical  rotation,  aD  (100  mm.  tube). 

(3)  Eefractive  index,  ND  at  20°  C. 

(4)  Fractionally  distil  as  follows : 

Introduce  into;"a  distilling  flask  having  three  bulbs  blown 
in  the  neck,  100  c.c.  of  the  oil  to  be  tested.  The  receiver  is 
an  ordinary  Bruhl  apparatus  with  two  vessels  graduated  at 
10  and  80  c.c.  respectively.  The  whole  apparatus  is  then 
exhausted  by  means  of  a  water  pump  (or  other  suitable 
means),  and  when  a  pressure  of  not  more  than  20  mm.  is 
obtained  as  shown  on  a  gauge,  the  distillation  is  commenced 
by  gently  heating  the  oil  bath  containing  the  flask. 

The  first  fraction  is  collected  in  the  10  c.c.  tube  and  the 
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second  in  the  80  c.c.  flask.  Directly  the  second  fraction  is 
collected  the  pressure  is  released,  and  the  distillation  continued 
by  passing  a  current  of  steam  into  the  distillation  flask  and 
collecting  the  oil  and  water  into  a  suitable  vessel.  When  about 
200  c.c.  of  water  have  been  collected,  the  distillation  is  stopped  ; 
the  oil  is  then  separated  from  the  water  and  carefully 
measured. 

The  rotation  and  refractive  index  of  the  three  fractions 
are  then  carefully  determined,  and  further  with  No.  3  the 
aldehydes  are  estimated  with  normal  sulphite  of  soda  taking 
5  c.c.  as  described  at  page  133. 

Interpretation  of  results  : — 

No.  1  will  indicate  the  addition  of  turpentine  ;  there  should 
not  be  a  greater  difference  than  10°  between  the  rotation  of 
this  and  of  the  original  oil,  7°  to  8°  being  the  average  for 
normal  oils. 

Note. — Pinene  is  a  natural  constituent  of  lemon  oil,  but 
only  in  traces. 

The  refractive  index  will  be  about  2  points  in  the  third 
place  of  decimals  lower  than  that  of  the  original  oil.  This 
fraction  will  also  indicate  substances  of  low  boiling  point. 

Fraction  2  will  indicate  chiefly  the  addition  of  added 
terpenes,  normal  oils  showing  an  increase  of  6°  to  7°  rotation 
from  the  original  oil,  whereas  with  added  terpenes  tbe  increase 
will  be  considerably  higher  and  the  refractive  index  lower. 

Fraction  3  is  in  many  respects  the  most  important,  inas- 
much that  it  indicates  the  true  proportion  of  oxygenated 
constituents  of  the  oil  and  therefore  the  strength  of  the  oil. 
The  rotation  will  depend  partly  to  the  amount  of  oil  obtained 
by  the  steam  distillation  which  is  usually  between  6'5  to  7*5 
c.c,  the  rotation  being  about  +  2°  to  +  14°,  but  in  some  very 
rich  oils  the  sign  may  be  minus. 

The  refractive  index  will  also  have  increased  to  nearly 
1*4800  in  this  fraction.    The  aldehydic  content  should  be  in 
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direct  ratio  to  the  amount  of  the  fraction,  giving  from  36  to 
46  per  cent.,  which,  calculated  on  the  original  oil,  will  show 
from  2'5  to  3'5  per  cent.  These  figures  are  fully  borne  out 
on  a  commercial  scale  of  working. 

The  whole  question  as  to  the  valuation  of  lemon  oil  is 
one  that  requires  great  discrimination  and  discretion.  As  to 
the  crops  and  climatic  conditions  during  harvesting,  it  is 
unsafe  to  lay  down  any  too  hard  and  fast  rules,  but  the 
method  above  given  will  show,  in  the  hands  of  a  careful  ob- 
server, any  gross  adulteration.  With  regard  to  the  low  citral 
percentage  found  by  this  method  (as  compared  to  the  hitherto 
7  per  cent,  standard)  the  amount  is  quite  compatible  with 
that  found  in  practice,  and  many  series  of  determinations 
have  failed  to  show  as  much  as  1  per  cent,  of  aldehydes  in 
the  90  per  cent,  of  terpenes  distilled  over. 

With  regard  to  the  determination  of  citral  and  other 
aldehydes,  as  stated  above,  there  is  no  satisfactory  direct 
method,  but  the  following  have  been  used : — 

(1)  The  most  general  method  is  by  shaking  a  known 
volume  of  oil  with  a  hot  saturated  solution  of  bisulphite  of 
soda  and  measuring  the  unabsorbed  oil.  The  reaction  is 
probably  as  follows  : — 

.OH 

C9H1,CHO  +  NaHS03  =  CqHirjCH<; 

xS03Na. 

The  objection  to  this  method  is  the  use  of  a  strongly  acid 
solution  which  is  liable  to  decompose  some  of  the  delicate  con- 
stituents, forming  resins  and  giving  flocculent  matter  which 
obscures  the  meniscus,  thus  making  the  readings  doubtful. 

(2)  By  the  formation  of  an  oxime  with  hydroxylamine 
in  alcoholic  solution  and  estimation  of  the  amount  used,  by 
titration  of  the  unused  hydroxylamine  : — 

CeH15GHO  +  H2NOH  =  C0HlfiCH  ;  NOH  +  H20. 
A  freshly  prepared  alcoholic  solution  of  hydroxylamine- 
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hydrochloride  is  used,  containing  1  gram  of  hydroxylamine- 
hydrochloride  in  20  grammes  of  80  per  cent,  alcohol.  10  to 
12  c.c.  of  this  solution  are  dilated  to  250  c.c,  and  25  to  50 
c.c.  are  titrated  for  hydroxylamine  in  the  usual  manner,  with 
N/10  sodium  hydrate  solution,  using  first  methyl  orange  and 
then  phenolphthalein  as  indicators. 

A  second  equal  amount  of  the  strong  hydroxylamine- 
hydrochloride  solution  is  mixed  with  a  weighed  quantity  of 
lemon  oil,  and  diluted  with  absolute  alcohol  until  a  clear 
solution  is  obtained.  After  the  addition  of  0-5  gram  of 
sodium  bicarbonate,  the  mixture  is  introduced  into  a  150  c.c. 
flask  and  heated  on  the  water  bath  for  45  minutes  under 
a  reflux  condenser.  After  cooling,  the  product  is  washed 
into  a  250  c.c.  flask  with  distilled  water,  care  being  taken 
to  wash  out  the  condenser  as  well  as  the  flask.  After 
thoroughly  shaking  out,  the  watery  layer  is  adjusted  to 
250  c.c,  and  25  c.c.  pipetted  off.  For  a  determination  of 
the  unused  hydroxylamine  in  this,  one  drop  of  methyl 
orange  is  added  and  then  diluted  hydrochloric  acid  is 
cautiously  run  in  from  a  burette  until  a  faint  rose  colour 
is  developed.  The  colour  is  then  titrated  back  with  N/10 
sodium  hydrate  solution,  phenolphthalein  added,  and  titration 
continued  until  the  development  of  a  rose  colour.  The 
difference  between  the  blank  and  the  experiment  will  be  the 
amount  of  hydroxylamine  used,  and  the  percentage  may  be 

1-52  x  A 

calculated  by  the  following  formula  :  C  =  — q — ,  where  C  = 

the  percentage  of  aldehyde,  A  =  number  of  c.c.  of  N/10  sodium 
hydrate  solution  used,  and  G  =  weight  of  oil  taken.  This  is, 
probably,  an  excellent  method  if  one  only  knows  the  approxi- 
mate percentage  of  citral  present.  If  known,  the  correct 
quantity  of  hydroxylamine  and  sodium  bicarbonate  can  be 
added,  when  good  results  may  be  obtained.    The  method -as 
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we  have  described  it  above  gives  good  results  with  lemon  oils. 
With  practice  very  fair  results  may  be  obtained  by  this 
method. 

(3)  By  the  condensation  compound  formed  with  cyanacetic 
acid  in  alkaline  solution : — 

CN 

C9H15CHO  +  CH2CN  .  COOH  =  C9H15CH  .  c(       +  H20. 

\COOH 

The  procedure  is  as  follows :  200  c.c.  of  the  oil  are  con- 
centrated to  25  c.c.  in  a  Wurtz  flask  under  a  pressure  which 
should  not  exceed  15  mm.  The  175  c.c.  of  terpenes  contain 
a  little  citral,  but  the  quantity  is  so  small  that  it  may  be 
neglected.  Ten  c.c.  of  the  residue,  of  which  the  specific 
gravity  is  known,  are  shaken  with  a  solution  of  5  grammes 
cyanacetic  acid  and  5  grammes  ordinary  KOH  in  30  c.c.  water 
in  a  small  absorption  flask  with  a  long  graduated  neck,  and 
the  non-absorbed  residue  read  off  as  usual.  (The  specific 
gravity  of  citral  is  so  near  that  of  the  concentrated  oil  used 
that  it  may  be  taken  as  identical.) 

It  is  most  important  to  use  freshly  prepared  cyanacetic 
acid  to  obtain  good  results  by  this  method. 

(4)  By  the  formation  of  a  soluble  sulphonic  acid  with 
sodium  sulphite  using  phenolphthalein  as  an  indicator  : — 

C9H15CHO  +  2  Na2S03  +  2  H20 
=  C9H17  (NaS03)2COH  +  2  NaOH 
Professor  Tiemann,  in  his  elaborate  work  on  the  aldehydes 
of  lemon-grass  oils  has,  among  other  important  reactions, 
shown  that  if  citral  be  agitated  with  a  neutral  solution  of 
sodium  sulphite,  a  sodium  salt  of  the  sulphonic  acid  results, 
as  shown  by  the  above  formula.  By  taking  advantage  of  the 
sodium  hydrate  formed  by  this  reaction,  phenolphthalein  is 
used  as  an  indicator  to  show  when  all  the  citral  has  been 
combined ;  and  the  fact  that  the  above  sodium  salt  is  quite 
soluble,  has  made  the  estimation  of  citral  fairly  accurate  and 
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simple.  The  procedure  is  as  follows :  A  saturated  solution 
of  sodium  sulphite  is  prepared.  To  50  c.c.  of  such  solution 
25  c.c.  of  the  oil  are  added,  and  two  drops  of  an  alcoholic 
solution  of  phenolphthalein.  The  whole  is  then  heated  on  a 
water  bath  to  nearly  boiling  point,  constantly  shaking.  A 
deep  red  colour  appears  almost  at  once,  which  shows  that 
the  action  has  commenced.  A  few  drops  of  sulphurous  acid 
are  then  cautiously  added,  and  this  is  continued  until  no 
further  colour  is  produced  after  a  further  addition  of  S02. 
The  oil  is  then  measured  as  described  in  the  first  method. 
The  obvious  advantage  of  this  method  is  that  the  end  of  the 
reaction  may  be  ascertained  to  a  certainty,  while  the  above 
bisulphite  method  depends  on  the  continual  shaking  for  a 
period  of  not  less  than  one  hour. 

A  modification  of  the  method  has  been  suggested  by 
titrating  with  standard  acid  the  sodium  hydrate  formed. 

(5)  By  reducing  citral  with  metallic  sodium  when  geraniol 
is  formed,  which  may  be  acetylated  and  the  acetylated  oil 
saponified.  This  method  it  need  hardly  be  said  is  open  to 
grave  objections  and  is  never  employed  now. 

E.  Mackay  Chace  (Journ.  Am.  Chem.  Soc,  28,  1472) 
describes  a  method  for  the  estimation  of  citral,  the  results 
of  which  are  more  exact  in  the  case  of  mixtures  made  up 
artificially  than  when  applied  to  oil  of  lemon.  This  method 
depends  on  the  property  which  magenta-sulphurous  acid 
possesses  of  giving,  in  presence  of  aldehydes,  a  red  coloration 
the  intensity  of  which  depends  exactly  on  the  quantity  of 
aldehyde.  The  estimation  is  then  carried  out  by  comparison 
with  solutions  of  aldehyde  of  known  strength. 

The  solution  of  magenta-sulphurous  acid  is  prepared  as 
follows  :  0"5  gram  of  magenta  is  dissolved  in  100  c.c.  of  water 
and  a  solution  containing  16  grammes  of  sulphur  dioxide  is 
then  added.  The  liquid  is  allowed  to  stand  until  it  is  de- 
colorised and  its  volume  is  made  up  to  a  litre  with  water. 
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Such  a  solution  cannot  be  kept  longer  than  two  or  three 
days. 

Secondly,  alcohol  of  95  per  cent,  strength  must  be  prepared 
absolutely  free  from  aldehyde.  For  this  purpose  the  alcohol 
is  kept  for  several  days  in  contact  with  a  caustic  alkali,  it  is 
then  distilled  and  the  distillate  is  boiled  under  a  reflux  con- 
denser for  a  few  hours  with  meta-phenylenediamine  hydro- 
chloride (25  grammes  of  the  hydrochloride  per  litre).  The 
alcohol  is  then  separated  by  distillation  and  made  up  to  the 
desired  concentration. 

Lastly,  a  0*1  per  cent,  solution  of  citral  in  50  per  cent, 
alcohol  is  prepared. 

These  solutions  are  made  up  at  a  temperature  of  15°  C. 
and  all  the  operations  are  carried  out  at  this  temperature. 
It  is  particularly  recommended  that  a  higher  temperature  be 
avoided. 

Two  grammes  of  each  of  the  essential  oils  to  be  examined 
are  diluted  to  100  c.c.  with  the  alcohol  free  from  aldehyde. 
Four  c.c.  of  each  of  the  solutions  are  introduced  into  cylinders 
of  identical  dimensions,  20  c.c.  of  alcohol  free  from  aldehyde 
are  added,  then  20  c.c.  of  magenta-sulphurous  acid  and  the 
volume  is  made  up  to  50  c.c.  with  alcohol.  After  thoroughly 
mixing,  the  solutions  are  placed  in  a  water  bath  at  15°  C,  and 
compared  in  regard  to  their  colours  with  the  necessary 
standards.  An  error  of  1  per  cent.,  however,  may  be  made 
in  this  determination.1 

The  oil  freed  from  its  terpenes  by  fractional  distillation  or 
other  suitable  means  has  of  recent  years  become  very  popular, 
which  is  not  surprising  when  its  easy  solubility  and  good 
keeping  properties  are  considered.  The  specific  gravity  lies 
between  895°  to  900°,  optical  rotation  -  7°  to  -  9°,  refractive 
index  1*4810  to  1-4822.    Total  aldehydes  between  40  per  cent. 

1The  author  is  much  indebted  to  Mr.  H.  E.  Burgess  for  a  considerable 
amount  of  information  in  regard  to  the  oils  of  the  Butacecc. 
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and  50  per  cent.  It  is  soluble  in  two  parts  80  per  cent, 
alcohol  by  volume. 

The  above  class  of  oils  are  not  terpeneless  in  the  strict 
sense  of  the  term  inasmuch  as  they  contain  sesquiterpenes. 
Oils  are  now  prepared  free  from  sesquiterpenes.  They  are 
much  more  soluble  and  have  a  very  fine  aroma,  and  are  sold 
as  sesquiterpeneless  oil. 

Oil  of  Orange.— There  are  two  varieties  of  ordinary 
orange  oil  in  commerce,  almost  identical  m  composition  and 
properties,  but  with  odours  and  flavours  somewhat  different. 
These  are  the  bitter  and  sweet  orange  oils,  obtained  in  the 
same  manner  and  in  the  same  localities  as  oil  of  lemon, 
from  the  peel  of  Citrus  bigaradia  and  Citrus  aurantium 
respectively.  With  regard  to  the  origin  of  the  trees,  Professor 
Sadebeck  (Plant  Cultivation  in  the  German  Colonies,  and 
their  Products)  says  :  "  The  orange  tree  is  probably  indigenous 
to  South-eastern  Asia  (Cochin  China),  and  thence  has  spread 
to  the  Sunda  Islands,  further  India,  Persia,  Arabia,  Syria, 
North  Africa  and  Southern  Europe.  Towards  the  end  of 
the  ninth  century  of  the  Christian  era,  it  appeared  in  Arabia, 
and  since  a.d.  1002  in  Sicily."  An  oil  is  prepared  by  distil- 
lation in  Jamaica,  but  it  is  much  inferior  in  every  respect 
to  the  expressed  oil. 

Considerable  parcels  of  best  Indian  oil  have  recently 
been  placed  on  the  London  market,  the  examination  of  which 
shows  this  to  be  equal  if  not  superior  to  Sicilian  oil. 

The  oil  is,  in  general,  produced  in  the  same  localities  as 
oil  of  lemon,  but  the  greater  part  of  it  is  obtained  from 
Calabria  and  Messina.  The  two  oils  are,  chemically,  prac- 
tically indistinguishable,  and  much  of  the  "bitter"  oil,  which 
commands  a  higher  price,  is  in  reality  a  mixture  of  the  two  oils. 

The  oil  consists  principally  of  cZ-limonene  (up  to  95  per 
cent.).  The  following  bodies  have  also  been  identified,  decyl- 
aldehyde,  eZ-terpineol,   cZ-linalool,   methyl-anthranilate  and 
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citraptene.  The  occurrence  of  citral  as  a  constituent  of  natural 
oils  is  somewhat  doubtful. 

The  total  amount  of  oxygenated  constituents  of  the  oil  is, 
however,  very  small,  probably  not  more  than  3  per  cent., 
whilst  the  decyl-aldehyde  and  methyl-anthranilate  play  an 
important  part  as  odour-bearing  constituents. 

The  specific  gravity  lies  between  '848  to  "852 ;  anything 
outside  these  figures  should  be  looked  upon  with  suspicion. 
The  addition  of  turpentine  or  lemon  oil  will  be  indicated  on 
fractional  distillation. 

The  rotatory  power  of  sweet  orange  oil  should  be  between 
96°  to  99°,  the  refractive  index  1-4725  to  1-4735. 

Examination  of  the  Oil. — The  method  given  for  lemon 
oil  will  be  found  equally  serviceable  to  detect  adulteration  of 
this  oil.  The  two  chief  adulterants  are  lemon  oil  and  orange 
terpene  (auranciene),  of  which  the  latter  is  by  far  the  most 
difficult  to  detect  even  if  added  in  considerable  quantities. 
Such  sophistication  is  very  prevalent  in  Sicily.  It  is  a  well- 
known  fact  that  orange  terpenes  command  nearly  as  high 
a  price  as  the  oil  itself.  Owing  to  the  very  small  percentage 
of  oxygenated  constituents  in  the  oil,  these  terpenes  may  be 
added  with  impunity  without  much  fear  of  detection. 

Turpentine,  another  adulterant,  is  seldom  employed  now. 
The  rotation  of  the  oil  itself  and  distillation  of  the  first  10 
per  cent,  at  once  revealing  its  presence. 

The  distillation  figures  show  that  for  the  first  10  c.c. 
distilled,  the  rotation  will  be  slightly  higher  than  the  original 
oil,  whereas  if  lemon  oil  or  turpentine  is  present  it  would  be 
considerably  lower. 

The  refractive  index  is  always  lower  than  for  the  same 
fraction  of  lemon  oil. 

The  rotation  of  the  next  80  c.c.  will  have  increased  from 
3°  to  4°,  and  if  terpenes  are  present  may  be  as  much 
as  6°  from  the  original  oil. 
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The  refractive  index  will  increase  slightly,  about  2  to  3 
points  in  fourth  place  of  decimals  ;  by  the  addition  of  orange 
terpenes  an  addition  of  lemon  oil  would  make  the  increase 
greater. 

The  last  fraction  indicates  the  true  value  of  the  oil, 
about  8  c.c.  should  be  obtained,  having  a  rotation  +  82°  to 
+  88°. 

The  refractive  index  of  the  last  fraction  is  lower  than 
that  of  both  the  10  and  80  fraction,  or  the  original  oil, 
lying  between  1-4715  and  1-4725.  This  low  figure  is  due  to 
the  decyl  aldehyde.  The  aldehydic  content,  chiefly  decyl- 
aldehyde,  will  be  about  12  per  cent.,  which  calculated  to  the 
original  oil  gives  from  0-7  to  0'9  per  cent. 

Bitter  Orange  Oil. — The  same  remarks  in  general  apply  to 
the  bitter  oil  as  to  the  sweet,  except  that  tbe  rotation  very 
often  is  4°  to  6°  lower. 

Oils  from  the  following  sources  have  also  been  examined : — 

Specific      D  ,  ,. 
Gravity.  Station. 

r  Sweet  -8475        +  98-30 

West  Indian  Bitter  -8504      '  +  97-30 

Dominica  (Sweet  -855  +  96'58 

I  Bitter  -853  +  95-57 

Florida,  U.S.A.     { Sour  -856  +  9^15 

l  Bitter-sweet        -856  +  96  -25 

The  distilled  oil  of  orange  owes  its  inferiority  to  the  effects 
of  heat  and  steam  on  the  oxygenated  constituents,  which  are 
of  an  exceedingly  delicate  nature. 

Terpeneless  Orange  Oil. — As  will  be  seen  from  the  above 
orange  oil  contains  an  extremely  small  amount  of  oxygenated 
constituents  and  therefore  the  concentrated  oil  commands  a 
high  price.  Extreme  care  is  necessary  for  its  manufacture, 
owing  to  the  extreme  solubility  of  the  aldehydes  and  delicate 
nature  of  its  esters. 

In  addition  to  the  ordinary  orange  oil,  oils  of  Mandarin 
and  Tangerine  oranges  are  articles  of  commerce.  Occasionally 
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these  are  met  with  in  a  state  of  purity,  but  the  average  sample 
consists  chiefly  of  ordinary  orange  oil  with  a  little  of  the  more 
sweet-scented  variety.  Mandarin  oil  is,  according  to  Luca, 
derived  from  the  fruit  of  Citrus  bigaradia  simensis  and 
Citrus  bigaradia  myrtifolia.  Sawyer  calls  it  Citrus  nobilis, 
and  Schimmel  &  Co.  describe  it  as  Citrus  madurensis.  It  is 
cultivated  largely  in  China,  and  the  fruit  is  usually  presented 
to  the  mandarins,  whence  its  name.  It  is  also  cultivated  in 
Malta  and  the  Azores.  Luca,  so  long  ago  as  1857,  investigated 
the  oil  (Comptes  Rendus,  23rd  November,  1857)  and  described 
it  as  a  liquid  of  specific  gravity  *852  at  10°,  boiling  at  178", 
and  having  the  composition  of  a  terpene.  However,  it  is 
now  certain  that  the  oil  contains  citral,  probably  citronellal, 
and  about  1  per  cent,  of  the  ester,  methyl-anthranilate,  dis- 
covered in  ordinary  orange  oil  by  the  author.  The  specific 
gravity  of  this  oil  is  usually  rather  higher  than  that  of  ordi- 
nary orange  oil,  generally  falling  between  "852  and  "858.  The 
optical  rotation,  however,  is  considerably  lower,  from  +  65° 
to  +  75°. 

Oil  from  Tangerine  oranges  very  closely  resembles  the 
above  described  and  is  possibly  identical  with  it.  The  author 
has  examined  an  undoubtedly  pure  sample,  which  had  the 
following  properties.  Specific  gravity,  "8589  ;  optical  rotation, 
+  70°  47'.  On  exposure  to  very  low  temperatures  the  oil 
deposited  beautiful  yellow  crystals,  which  retained  their  colour 
after  recrystallisation  from  alcohol. 

Oil  of  Petit-grain. — The  original  oil  of  petit-grain  was 
obtained  by  the  distillation  of  the  small  unripe  orange  berry, 
which,  according  to  Pereira,  rapidly  underwent  decomposi- 
tion. The  petit-grain  oil  of  to-day,  however,  is  distilled  from 
the  leaves  and  young  shoots  of  the  bitter  and  the  sweet 
orange,  the  former  commanding  the  higher  price.  According 
to  Sawyer,  citrons  are  usually  grafted  on  to  orange  stocks, 
and  these  stocks  during  the  summer  put  forth  shoots,  which 
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are  allowed  to  attain  the  length  of  a  few  feet.  They  are 
then  pruned  off,  cut  into  bundles,  and  sent  to  the  distiller. 
The  finest  oil,  as  indicated  above,  is  obtained  from  Citrus 
bigaradia.  The  best  quality  oil  comes  from  the  south  of 
France,  and  also  from  Algeria  and  the  south  of  Spain.  A 
much  less  expensive,  but  still  a  fine  product,  comes  from 
Paraguay. 

Pure  petit-grain  oil  has  a  specific  gravity  "885  to  '900,  and 
is  either  laevo-rotary  to  -  2°  (European)  or  dextro-rotary  to 
+  4°  (South  American).  It  is  easily  soluble  in  twice  its 
volume  of  80  per  cent,  alcohol.  It  contains  a  high  proportion 
of  esters,  but  as  this  figure  is  very  variable  no  limits  can  well 
be  fixed.  Calculated  as  linalyl  acetate,  the  percentage  varies 
from  50  to  85  per  cent.,  usually  about  55  to  60  per  cent.  The 
refractive  index  is  about  P4650. 

The  well-ascertained  constituents  of  the  oil  are  the 
terpene  limonene,  linalol,  linalyl  acetate,  geraniol,  geranyl 
acetate,  a  sesquiterpene,  and  a  stearoptene  not  yet  examined. 
The  oil  distilled  exclusively  from  the  leaves  and  buds  is, 
according  to  Charabot  and  Pillet,  invariably  laevo-rotary, 
and  contains  a  very  small  quantity  of  limonene,  whereas 
the  South  American  oil  appears  to  owe  its  dextro-rotation 
to  a  larger  percentage  of  limonene,  which  may  be  due  to 
an  admixture  of  small  fruits  with  the  distilling  material. 

Schimmel  &  Co.  have  examined  an  oil  distilled  from  the 
corresponding  parts  of  the  lemon  tree,  which  was  termed  by 
its  makers  "Petit-grain  citronnier".  The  odour  resembles 
that  of  petit-grain  oil,  with  a  secondary  odour  of  lemon.  Its 
specific  gravity  was  "869,  optical  rotation  +  34°  11',  and  it 
was  far  less  soluble  in  alcohol  than  ordinary  petit-grain  oil. 
Citral  was  detected  in  it.  This  was  probably  mixed  with 
ordinary  lemon  oil. 

An  oil  distilled  from  the  unripe  orange  fruits,  analogous 
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to  the  old-fashioned  petit-grain  oil,  is  manufactured  and 
offered  under  the  name  of  "  oil  of  orange  peas  ".  Its  specific 
gravity  is  about  '852  to  "854  and  its  optical  rotation  +  75°. 
It  is  intermediate  in  composition  between  orange  oil  and 
neroli  oil.  It  contains  methyl-anthranilate  and  also  traces  of 
a  pyrrol  compound.  Petit-grain  oil  is  frequently  adulterated, 
chiefly  with  turpentine,  but  it  is  now  easy  to  get  pure  oil 
by  careful  buying.  The  oil  is  used  extensively  in  perfumery, 
especially  in  the  manufacture  of  Eau  de  Cologne,  and  is  also 
employed  to  a  considerable  extent  to  adulterate  neroli  oil 
with. 

Jeancard  and  Satie  give  the  following  figures  for  the  "  petit- 
grain"  oils  of  lemon,  orange  and  mandarin  : — 

Sp.  gr.            Rotation.  Esters. 

Lemon  Petit-grain       .       .         0-8768             +13°  20'  12-25  °/0 

Bitter  Orange  Petit-grain     .     0-886-0-895  -  2°  40'  to  -  5°  47-68  °/0 

Mandarin  Petit-grain  .       .        0-8768             +  6°  14'  45  % 

Umney  and  Bennet  have  examined  a  Buenos  Ayres  oil  re- 
sembling ordinary  South  American  petit-grain  oil  but  having 
more  free  alcohols  and  less  esters  than  those  oils.  Pinene, 
dipentene,  furfural,  geraniol,  linalol  and  geranyl  acetate  were 
found  to  be  present.  Its  specific  gravity  was  0"887,  optical 
rotation  +  2°,  esters  36-5  per  cent.,  and  free  alcohols  as 
geraniol  38'4  per  cent. 

Neroli  Oil. — This  oil  is  distilled  from  the  fresh  flowers 
of  the  bitter  and  the  sweet  orange.  The  former,  which  is  the 
more  valuable,  is  known  as  "Oil  of  Neroli,  Bigarade"  (which 
is  ordinary  neroli  oil),  the  latter  as  "  Oil  of  Neroli,  Portugal ". 
The  greater  part  of  the  neroli  oil  of  commerce  is  distilled  in 
the  south  of  France,  one  of  the  chief  centres  being  Vallaurie. 
The  yield  of  oil  varies  greatly  according  to  the  time  of  the 
season  when  the  flowers  are  collected.    The  gathering  of  the 

flowers  commences  about  the  last  week  in  April  and  continues 
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till  the  last  week  in  May,  or  possibly  a  little  later.  The  early 
gathered  flowers  yield  about  half  a  gramme  of  oil  per  kilo, 
whilst  those  gathered  late  in  May  yield  double  this  quantity. 
The  petals  are  separated  from  the  sepals  and  covered  with 
water  in  the  still,  and  the  contents  heated  by  means  of  coils 
of  superheated  steam.  The  oil  coming  over  is  separated,  and 
the  water  is  sold  as  orange  flower  water. 

Pure  normal  neroli  oil  has  a  specific  gravity  "870  to  -880, 
and  is  always  dextro-rotary,  usually  about  +  4°,  but  some- 
times much  higher.  On  account  of  the  regular  adulteration 
of  this  oil  with  both  kinds  of  orange  oil,  it  is  probable  that 
rotations  of  +  20°  and  higher,  which  have  been  recorded,  are 
not  at  all  representative  of  pure  oils  ;  however,  it  is  not  easy 
to  fix  any  definite  limits.  Again,  although  no  definite  limits 
can  be  fixed  for  the  ester  content,  this  usually  falls  between 
7  and  20  per  cent.,  calculated  as  linalyl  acetate,  and  high  ester 
contents  should  be  regarded  with  great  suspicion,  as  indicative 
of  adulteration  with  petit-grain  oil. 

Neroli  oil  contains  limonene,  linalol,  linalyl  acetate, 
geraniol  and  one  or  more  paraffin  hydrocarbons.  None  of 
these  bodies,  however,  are  characteristic  of  the  odour  of  neroli, 
nor  is  any  one  of  them  responsible  for  the  characteristic 
fluorescence  of  the  oil.  Ernst  and  Hugo  Erdmann  (Berichte, 
1899,  p.  1213)  have  examined  the  oil,  and  found  that  the 
portion  which  distils  about  115°  at  a  pressure  of  10  mm. 
leaves  on  saponification  a  crystalline  acid  of  melting  point 
about  140°.  This  acid  was  completely  identified  as  anthra- 
nilic  acid  (o-amidobenzoic  acid),  and  it  occurs  in  the  oil  as 
its  methyl  ester.  The  pure  body,  methyl-o-amidobenzoate, 
is  an  oil  solidifying  at  low  temperatures  in  crystals,  melting 
at  24-5°  and  boiling  at  127°  at  11  mm.  Its  specific  gravity 
is  1'163  at  26°.  It  is  easily  soluble  in  dilute  mineral  acids 
(on  account  of  its  basic  character),  alcohol  or  ether,  and  yields 
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a  crystalline  hydrochloride.  It  is  strongly  fluorescent  and 
has  a  powerful  neroli  odour.  This  body  must,  therefore,  be 
regarded  as  one  of  the  odour- bearers  of  oil  of  neroli,  and 
artificial  neroli  oils  are  now  quite  easy  to  prepare.  In  regard 
to  this  discovery,  Messrs.  Schimmel  &  Co.  claim  that  they 
had  long  known  it,  and  made  an  artificial  oil  of  neroli  oil 
containing  this  ester.  The  crystalline  body  sold  as  "  nerolin  " 
is  £-naphtol-methyl  ether.  Whether  this  occurs  or  not  in  the 
natural  oil  is  uncertain. 

The  constituents  of  this  oil,  then,  so  far  identified,  are  as 
follows :  The  terpenes  limonene  (probably  in  both  optically 
active  forms),  laevo-pinene,  laevo-camphene  (?)  and  dipentene. 
There  are  also  present  the  alcohols  geraniol,  linalol,  nerol, 
dextro-terpineol,  nerolidol  (a  sesquiterpene  alcohol  not  hither- 
to found  in  any  other  oil  except  perhaps  petit-grain  oil),  and 
possibly  phenyl-ethyl  alcohol.  Decylic  aldehyde  is  present  in 
small  amount.  The  esters  present  are  chiefly  the  acetates  of 
geraniol,  linalol  and  nerol.  There  are  traces  of  esters  of 
phenyl  acetic  acid,  and  traces  of  benzoic,  acetic  and  palmitic 
acids.  Indol  and  a  paraffin  are  present,  and  the  characteristic 
fluorescent  body,  methyl-anthranilate.  Schimmel  &  Co.  have 
found  in  the  oil  obtained  by  the  extraction  of  the  fresh  flowers 
with  petroleum,  and  extracting  the  petroleum  extract  with 
alcohol,  traces  of  phenyl  aceto-nitrile  and  a  crystalline  body 
melting  at  158°,  a  ketone  with  a  jasmine-like  odour,  possibly 
identical  with  jasmone,  and  a  high  boiling  sesquiterpene 
alcohol  (nerolidol  ?),  with  traces  of  a  base  apparently  belong- 
ing to  the  nicotine  series. 

Schimmel  &  Co.  have  distilled  a  parcel  of  fresh  flowers 
which  they  received  preserved  in  salt,  and  used  two  methods  of 
preparing  the  oil.  The  first  portion  was  distilled  with  water 
and  the  separated  oil  collected.  The  water  was  then  redis- 
tilled several  times  and  the  whole  of  the  oil  obtained  was 
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mixed  together.  The  second  portion  was  distilled  and  the 
water  not  further  treated.  In  both  cases  the  oil  had  a 
specific  gravity  of  over  '870,  and  both  were  laevo-rotary 
( -  0°  52'  and  -  0°  40'),  whereas  French  distillates  are  dextro- 
rotary.    The  refractive  index  is  about  1*4750. 

Umney  and  Bennett  have  examined  a  Chinese  neroli  oil  de- 
rived from  Citrus  triptera.  It  had  a  specific  gravity  0-850 
and  optical  rotation  +  35°.  It  contained  4'8  per  cent,  of  esters 
calculated  as  linalyl  acetate,  and  21  per  cent,  of  free  alcohols 
as  linalol.  It  contained  much  limonene,  camphene,  linalyl 
acetate,  methyl-anthranilate  and  a  paraffin. 

A  Spanish  neroli  examined  by  Schimmel  gave  the  following 
results : — 


Specific  gravity 
Optical  rotation 
Acid  value 
Ester  value  . 
Methyl  anthranilate 


Bigarade  (Bitter).  {s2t  Orange). 

0-  871  0-857 
+  10°  54'  +  42°  47' 

1-  37  1-6 
37-67  6-86 

0*5  per  cent.         0-3  per  cent. 


It  is  here  convenient  to  again  mention  the  so-called  orange 
pea  oil  examined  by  the  author.  It  is  distilled  from  the  un- 
ripe dried  fruits,  and  would  therefore  be  expected  to  have 
properties  intermediate  between  those  of  orange  and  neroli 
oil.  Such  was  found  to  be  the  case.  It  had  a  specific 
gravity  0"862,  an  optical  rotation  +  72°,  and  contains  traces 
of  methyl-anthranilate.  It  contains  less  esters  and  more 
terpenes  than  neroli  oil. 

The  following  table  of  oils  distilled  in  1904  was  supplied 
by  Jean  Gras  to  Schimmel  &  Co. : — 
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Date  of 

•  cent. 

ravity 
C. 

Optical 

ition 
sr. 

Manu- 

S, 

Oo 
m 

Eotation 

Saponific; 
numbi 

Solubility  in  Alcohol  of 
80  °/0  at  '22°. 

facture. 

2 

Specific 
1       at  1 

1  =  100  mm. 

t  =20°. 

May  11 

0-65 

0-874 

y  +  l  31' 

43 

J  1  vol.  in  1  vol.  alcohol,  insoluble 

„  12 

0-80 

0-874 

(    when  more  alcohol  was  added 

„  13 

0-89 

0-874 

+  1°45' 

45 

1  vol.  in  1*5  vol.  alcohol,  insoluble 

0-81 

0-875 

when  more  alcohol  was  added 

„  14 

+  2°  8' 

46 

insoluble 

„  15 

0-83 

0-874 

+  1°  32' 

45 

do. 

.,  16 
,,  17 

0-78 
0-87 

0-874 
0-874 

47 

do. 

„  18 

0-77 

A. 0*7 K 

+  2°  8' 

5o 

do. 

„  19 

0-77 

0-875 

+  1°  45' 

56 

do. 

„  20 

0-77 

0-875 

+  2°  20' 

45 

do. 

„  21 

0-87 

0-875 

+  2°  21' 

47 

1  vol.  in  1  vol.  alcohol,  insoluble 
when  more  alcohol  was  added 

„  22 

0-90 

0-876 

+  2°  21' 

46 

1  vol.  in  1-2  vol.  alcohol,  insoluble 
when  more  alcohol  was  added 

„  23 

1-00 

0-875 

+  2°  30' 

43 

do. 

„  24 

1-03 

0-874 

+  2°  44' 

45 

1  vol.  in  1  vol.  alcohol,  insoluble 
when  more  alcohol  was  added 

>,  25 

1-06 

0-874 

+  3°  5' 

46 

do. 

„  26 

1-07 

0-874 

+  3°  8' 

44 

do. 

„  27 

1-07 

0-874 

+  3°  30' 

45 

do. 

„  28 

1-02 

0-874 

+  3°  12' 

47 

do. 

OQ 

1-11 

0-874 

l    QO  Q1  / 

+  o  ol 

48 

do. 

„  30 

1-15 

0-874 

+  3°  48' 

50 

1  vol.  in  1.  vol.  and  in  every  pro- 

„ 31 

0-91 

portion 

0-874 

+  2°  51' 

48 

do. 

June  2 

080 

0-875 

+  4°  20' 

49 

do. 

Total 

0-97 

0-875 

+  2°  50' 

47 

1  vol.  in  1  vol.  alcohol,  insoluble 

Quantity 

when  more  alcohol  was  added 

A.  Hesse  and  O.  Zeifcschel  have  given  some  details  of  ex- 
periments made  for  the  determination  of  methyl-anthranilate. 
The  method  is  based  upon  the  property  of  this  ester  (first 
mentioned  by  H.  Walbaum)  of  forming  with  sulphuric  acid 
a  sulphate  which  is  dissolved  with  difficulty  in  ether.  Ac- 
cording to  Hesse  and  Zeitschel  it  is  possible  to  determine 
the  content  of  methyl-anthranilate  in  essential  oils,  by  dis- 
solving in  ether  the  oil  to  be  experimented  upon ;  it  is  then 
cooled  and  mixed  with  a  solution  of  sulphuric  acid  in  ether, 
when  the  anthranilate  is  precipitated  as  sulphate.  The  salt 
thus  obtained  is' then  dissolved  in  water,  and  the  quantity  of 
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the  ester  contained  in  it  is  determined  by  titration.  The 
analyses  quoted  by  the  authors  show  that  this  method  gives 
good  results.  According  to  them  oil  of  orange  flowers  con- 
tains 0"6  per  cent,  of  methyl-anthranilate.  Freundler  (Bull. 
Soc.  Ghim.,  1904,  882)  has  published  the  results  of  his  re- 
searches on  the  derivatives  of  this  important  body.  He  finds 
that  a  crystalline  picrate  is  easily  obtained  by  warming  an 
alcoholic  solution  of  the  two  components.  It  melts  at  104°, 
and  has  the  formula  CuH12]Sr40c,.  The  great  solubility  of  this 
compound  is  against  its  being  employed  as  a  means  of 
characterising  the  methyl-anthranilate.  But  by  heating  in 
a  water  bath  equimolecular  quantities  of  phenyl-isosulpho- 
cyanate  and  methyl-anthranilate,  the  mass  eventually  solidi- 
fies completely.  The  reaction  product  melts  at  above  300°, 
and  is  a  thioquinazoline.  This  body  serves  well  to  identify 
small  quantities  of  methyl-anthranilate,  which  can  be  extracted 
from  the  oil  in  which  it  occurs  by  sodium  carbonate,  and  the 
ester  extracted  from  the  aqueous  solution  by  ether,  which  is 
evaporated,  and  the  residue  heated  on  a  water  bath  with  the 
isocyanate  and  some  alcoholic  potash. 

Bergamot  Oil. — This  oil  is  obtained  from  the  fresh  peel 
of  the  fruit  of  Citrus  bergamia,  the  ordinary  bergamot.  The 
chief  centre  of  the  industry  is  Southern  Calabria,  which  is 
practically  the  only  province  in  which  the  tree  is  cultivated, 
extensive  plantations  being  situated  at,  and  in  the  neighbour- 
hoods of,  Eeggio,  Melito,  Gallico,  Arangea,  Sancta  Catarina, 
S.  Lorenzo,  Palizzi,  Staiti,  etc.  Almost  all  the  oil  is 
expressed  by  machines,  but  as  these  are  usually  adjusted  for 
globular  fruits,  any  that  have  the  oblong  lemon  shape  are 
treated  by  hand.  Hand-pressed  oil  is,  however,  rarely  met 
with  in  commerce.  The  trees  are  best  grown  on  well- 
irrigated,  low-lying  lands,  and  are  frequently  cultivated 
amongst  the  lemon  and  orange  trees.  The  fruit  is  gathered 
in  the  months  of  November  and  December  and  the  first 
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week  or  two  in  January,  when  the  manufacturing  season  is 
over.  The  resulting  oil  is  of  a  green  colour,  due  to  the 
presence  of  chlorophyll  (not  to  the  presence  of  copper,  as 
sometimes  stated). 

The  following  substances  have  been  found  in  bergamot 
oil :  octylene,  the  terpenes  pinene,  camphene,  limonene, 
dipentene ;  the  sesquiterpene  limene,  the  alcohol  linalol  and 
its  acetic  ester  linalyl  acetate;  a  stearoptene,  bergaptene, 
melting  point  188°,  a  solid  body  of  melting  point  56°  and 
traces  of  free  acetic  acid. 

Linalyl  acetate  is,  however,  the  active  constituent,  and  to 
this  substance  bergamot  oil  owes  its  characteristic  odour.  It 
is  present  to  the  extent  of  from  30  to  40  per  cent. ;  the  lower 
figure  must  be  looked  on  with  suspicion  unless  the  oil  be 
derived  from  unripe  fruit  at  the  early  part  of  the  manufactur- 
ing season. 

Pure  bergamot  oil  has  a  specific  gravity  of  '882  to  "886 
and  an  optical  rotation  of  +  8°  to  +  22°,  rarely  exceeding  18°. 
Some  samples  are  sufficiently  light-coloured  to  allow  their 
rotation  to  be  observed  in  a  100  mm.  tube,  but  usually  a  shorter 
tube  must  be  used  and  the  rotation  calculated;  refractive 
index,  1-4654  to  1-4660.  The  oil  leaves  a  residue  when  evapor- 
ated on  the  water  bath,  which  amounts  to  4  to  6  per  cent,  in 
unadulterated  oils.  The  ester  is  estimated  by  a  quantitative 
saponification  in  the  ordinary  way,  and  should  yield  a  result 
equivalent  to  at  least  35  per  cent,  calculated  as  linalyl  acetate 
C10H17O  .  OC  .  CH3,  although  pure  samples  occasionally  con- 
tain a  little  less  than  this.  As  the  fixed  residue  obtained  on 
evaporating  the  oil  contains  some  saponifiable  matter,  it  has 
been  suggested  that  this  also  should  be  quantitatively  saponi- 
fied and  the  result  deducted  from  the  original  saponification 
figure.  But  as  it  is  not  clear  what  changes  occur  during  the 
evaporation,  it  is  preferable  to  give  the  results  for  comparative 
purposes,  on  the  direct  saponification  figure,  and  return  the 
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same  as  linalyl  acetate.  Pure  oils  are  soluble  in  half  their 
volume  of  90  per  cent,  alcohol,  and  usually  in  twice  their 
volume  of  80  per  cent,  alcohol.  In  the  event,  however,  of  an 
oil  not  being  entirely  soluble  in  the  latter  case,  as  some  pure 
oils  are  not,  the  examination  of  the  fixed  residue  should  never 
be  omitted,  as  any  fatty  oil,  which  would  decrease  the  solu- 
bility, would  be  found  in  the  residue,  and  any  excess  over  6 
per  cent,  may  be  regarded  as  adulteration.  A  good  judgment 
can  be  formed  on  these  figures,  and,  within  limits,  the  value 
of  the  oil  may  be  regarded  as  dependent  on  its  ester  percentage. 

Rectification  by  steam,  instead  of  improving,  certainly 
deteriorates  bergamot  oil.  This  is  due  to  the  fact  that  the 
ester  is  decomposed,  so  that  the  percentage  of  this  body  falls 
to  15  or  20  per  cent.,  and  the  percentage  of  free  linalol  in- 
creases correspondingly.  Of  course,  rectification  removes 
the  green  colour,  but  apart  from  that,  there  is  nothing  to 
repay  the  extra  trouble  and  cost. 

Amongst  the  adulterants  of  bergamot  oil,  are  turpentine, 
lemon,  orange,  and  fatty  oils.  The  addition  of  the  three 
first  named  decrease  the  specific  gravity,  solubility  and  ester 
percentage  ;  lemon  or  orange  oils  raise  the  rotation.  Fatty 
oils  decrease  the  solubility  and  increase  the  residue  obtained 
on  evaporation.  In  addition  to  these,  oil  of  bergamot  of 
an  inferior  character  is  obtained  by  rasping  the  peel  of  the 
injured  small  fruit  which  falls  from  the  tree,  and  mixing 
the  pulp  with  water,  whereby  the  oil  separates.  The 
residual  pulp  both  of  this,  and  the  residue  obtained  after 
expressing  the  oil  in  the  ordinary  way  from  normal  fruit, 
is  distilled,  and  the  distilled  oil  of  inferior  odour  is  frequently 
mixed  with  the  normal  oil.  This  distilled  oil  is  characterised 
by  a  low  ester  percentage,  exactly  as  in  the  case  of  rectified 
oils. 

Bergamot  oil  is  employed  exclusively  in  perfumery. 
Artificially  prepared  linalyl  acetate  is  an  article  of  commerce, 
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but  its  price  is  far  higher  than  that  of  pure  berganiot  oil, 
and  its  odour,  in  the  author's  opinion,  much  inferior. 

Other  adulterants  to  bring  up  the  apparent  ester  value 
have  been  used,  such  as  pinene  hydrochloride,  of  which  as 
much  as  10  per  cent,  may  be  added  without  materially  dis- 
turbing the  physical  constants.  It  may  be  detected  by 
evaporating  the  alcoholic  solution  after  saponification  to  dry- 
ness in  a  platinum  dish,  igniting  and  taking  up  the  residue 
with  water  and  testing  with  silver  nitrate,  when  a  white 
precipitate,  soluble  in  ammonia,  will  reveal  its  presence  on 
burning  some  of  the  oil  on  a  filter  paper  as  directed  for  de- 
tection of  chlorine  in  almond  oil. 

Also  the  acetic  esters  of  glycerine  (acetines)  have  been 
found,  and  when  present  glycerine  will  be  found  in  the 
alcoholic  solution  on  evaporation.  Terpinyl  acetate  is  also 
used  as  an  adulterant. 

Oil  of  Limes. — There  are  two  distinct  oils  found  in 
commerce,  the  one,  hand-pressed  oil  obtained  from  the  Citrus 
limetta  (Italian),  the  other,  distilled  oil  from  Citrus  medica 
var.  acida  (West  Indian).  Expressed  oil  is  prepared  from 
the  fruit  in  December  and  January.  In  the  south-west  of 
Italy  the  tree  is  known  as  limoncello  di  Spagna.  The  oil 
somewhat  resembles  lemon  oil  but  with  a  much  richer 
odour,  somewhat  recalling  the  odour  of  bergamot.  It  con- 
tains pinene,  limonene  and  probably  dipentene,  linalol,  linalyl 
acetate  and  citral  (6  to  10  per  cent.),  limettin,  melting  point 
147°,  and  a  stearoptene ;  it  has  the  following  constants : 
specific  gravity  "875  to  '885,  optical  rotation  +  35°  to  +  40°, 
refractive  index  T4840  to  T4850.  Adulterants  such  as  lemon 
oil  and  terpenes  are  frequently  used  and  may  be  detected  by 
distillation  tests  as  given  for  lemon  and  orange  oils.  Distilled 
oil  of  limes,  the  usual  oil  of  commerce,  is  obtained  from 
Jamaica,  Dominica  and  Tahiti,  but  chiefly  from  the  island  of 
Montserrat,  the  harvest  lasting  from  September  to  January. 
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The  oil  is  really  a  by-product  obtained  by  distillation  during 
the  concentration  of  the  lime  juice,  and  the  peculiar  odour  is 
due  to  the  partial  decomposition  of  the  oxygenated  constituents. 
Citral  decomposes  into  cymene  when  boiled  with  dilute 
acids.  It  contains  pinene,  limonene,  cymene,  dipentene, 
limene  and  1-terpineol,  melting  point  35°,  and  another  alcohol 
having  a  strong  lime-like  odour  forming  a  urethane,  melting 
point  131°,  but  not  yet  identified.  Distilled  lime  oil  has  the 
following  constants:  specific  gravity  "856  to  *864,  optical 
rotation  +  40°,  refractive  index  about  1-4700. 

Oil  of  Shaddock. — The  shaddock  is  the  fruit  of  Citrus 
deeumanum.  It  is  a  large  fruit,  native  to  China  and  Japan, 
and  introduced  into  the  West  Indies  by  Captain  Shaddock, 
whence  its  name.  The  oil,  which  is  not  known  to  any  extent 
in  commerce,  has  a  specific  gravity  of  about  *860  and  an 
optical  rotation  of  +  90°  to  +  95°.  It  is  a  typical  Citrus 
oil,  containing  much  limonene,  but  its  constituents  have  not 
yet  been  carefully  examined. 

Citron  Oil. — This  oil  is  expressed  from  the  fresh  peel  of 
the  fruit  of  the  true  Citrus  medica,  the  ordinary  citron,  a 
native  of  the  Himalayas,  which  was  cultivated  by  the  Aryans 
from  very  early  times.  In  France  the  fruit  is  known  as  a 
"cedrat" — the  French  "citron"  being  our  lemon.  Conse- 
quently "  essence  de  citrons  "  must  not  be  confused  with 
citron  oil.  The  tree  flourishes  in  the  south  of  Europe, 
particularly  in  Italy,  the  fruit  sometimes  weighing  from  10 
to  14  lb.  This  oil,  which  is  seldom  met  with  pure,  should 
have  the  following  constants  :  specific  gravity  "851  to  *854, 
rotation  +  79°  to  82°,  refractive  index  about  1*4750.  It  con- 
tains chiefly  limonene,  dipentene,  citral  and  a  crystalline 
body,  melting  point  145°.  The  usual  adulterants  are  lemon 
and  orange  oils  and  their  terpenes.  The  odour  of  this  oil  is 
very  little  superior  to  that  of  good  lemon  oil,  whereas  the 
price  demanded,  about  ten  times  more,  does  not  justify  its 
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extensive  use  in  commerce.  The  adulterants  above  stated 
will  be  indicated  by  the  fractional  distillation  test  as  set 
forth  for  lemon  and  orange  oils. 

Oil  of  Rue. — The  herb  Ruta  graveolens  yields  an  essen- 
tial oil  characterised  by  its  extremely  low  specific  gravity. 
The  oil  is  of  a  pale  yellow  colour  and  characteristic  odour, 
and  consists  almost  entirely  (at  least  90  per  cent.)  of  methyl 
nonyl-ketone,  CH3  .  CO  .  C9H19.  The  specific  gravity  of  the 
oil  varies  from  "830  to  '840,  and  it  is  always  slightly  dextro- 
rotary,  from  0°  to  +  2°  30'.  When  exposed  to  the  action  of 
a  freezing  mixture  the  oil  solidifies  to  a  crystalline  mass  at 
+  9°  to  +  10°.  It  begins  to  boil  at  215°,  and  is  completely 
distilled  at  232°.  It  should  dissolve  to  a  clear  solution  with 
from  two  to  three  volumes  of  70  per  cent,  alcohol.  The 
refractive  index  is  about  1*4360.  Pure  methyl-nonyl-ketone 
is  a  bluish  fluorescent  oil  melting  at  +  15°  and  boiling  at 
225°.  Schimmel  found  traces  of  a  basic  substance  present  in 
the  oil,  which  is  probably  the  methyl  ether  of  methyl- 
anthranilic  acid,  and  which  will  account  for  the  fluorescence 
of  the  oil.  Van  Soden  has  examined  an  Algerian  oil  of  rue, 
and  found  it  to  have  a  specific  gravity  0'842  and  optical 
rotation  -  5°.  It  did  not  solidify  even  at  -  15°.  Its  princi- 
pal constituent  was  found  to  be  methyl-heptyl-ketone,  whilst 
only  a  small  quantity  of  methyl-nonyl-ketone  was  present. 
A  German  oil  investigated  by  Houbler  was  found  to  con- 
tain both  ketones,  the  methyl-nonyl-ketone  predominating. 
Traces  of  caprylic  acid  and  of  a  phenol  were  detected. 
Power  and  Lees  have  examined  an  oil,  probably  of  Algerian 
origin,  and  found  present  a  basic  substance  having  an  odour 
of  quinoline,  traces  of  methyl  salicylate  and  of  salicylic  acid. 
They  also  found  valeric  acid  (as  esters?),  laevopinene, 
limonene  and  cineol.  The  alcohols  corresponding  to  the 
ketones  were  also  found  present.  Carrette  states  that  in 
Algeria  two  kinds  of  oil  of  rue  are  produced ;  one  is  distilled 


444  ESSENTIAL  OILS. 

from  Ruta  montana  and  is  known  as  "summer  oil  "  ;  the 
•other  is  distilled  from  Ruta  bracteosa  and  is  known  as  "  winter 
oil".  The  former  contains  methyl-nonyl-ketone  and  melts 
at  +  5°  to  +  8°.  The  latter  consists  chiefly  of  methyl-heptyl- 
ketone  and  only  solidifies  at  -  18°.  The  characters  above 
given  are  sufficient  to  guard  against  adulteration,  which, 
however,  is  frequently  practised,  the  usual  adulterant  being 
turpentine  and,  more  rarely,  petroleum,  which,  however,  alter 
the  constants  of  the  oil  so  much  as  to  be  very  easily  detected. 
Oil  of  rue  is  not  largely  employed  in  medicine,  and  has  occa- 
sionally been  employed  for  illegitimate  purposes. 

Oil  of  Buchu. — Several  species  of  Barosma  are  known 
hy  the  name  Buchu,  and  from  the  leaves  of  these  the  oil  is 
■distilled.  The  chief  of  these  are  Barosma  serratifolia, 
Barosma  betulina  and  Barosma  crenulata.  The  yield  of  oil 
is  from  1  to  2  per  cent.  The  specific  gravity  of  the  oil,  which 
possesses  a  camphoraceous  odour,  varies  from  *940  to  "945,  or, 
occasionally,  a  little  lower,  especially  in  the  case  of  the  oil 
from  the  leaves  of  Barosma  betulina.  The  refractive  index 
is  about  1*4800.  Fliickiger  investigated  the  oil  (Pharm.  Jour. 
[3],  ii.,  pp.  174  and  219)  and  stated  that  it  consisted  of  two 
main  constituents,  a  solid  one,  diosphenol,  and  a  liquid  one. 
'The  more  recent  researches  of  Kondakoff  and  Bialobrzeski 
have  proved  that  the  oil  contains  several  constituents.  These 
are  diosphenol  C10H16O2,  the  chief  optically  inactive  compound 
in  the  oil ;  the  terpenes  limonene  and  dipentene,  and  a 
ketone  C10H18O  which  is  probably  laevo-menthone.  Dios- 
phenol is  a  crystalline  solid,  melting  at  81°  and  boiling  at  232°. 
It  occurs  only  to  a  very  small  extent  in  the  oil  distilled  from 
the  leaves  of  Barosma  serratifolia,  whereas  that  from  Barosma 
■betulina  contains  so  much  that  crystals  separate  at  ordinary 
temperature.  The  hydrocarbon  above  referred  to  is  an 
■optically  active  liquid,  [a],(  =  +  60°  40',  of  specific  gravity 
•866,  and  boiling  at  174°  to  176°.    It  has  an  odour  recalling 
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that  of  pine  leaves.  The  ketone  C10H18O  is  a  slightly 
laevo-rotary  liquid  boiling  at  206°  to  209°,  of  specific  gravity 
•902,  of  agreeable  peppermint-like  odour.  Pure  diosphenol 
can  be  obtained  from  the  oil  by  extraction  with  soda  solution 
and  decomposition  of  the  alkaline  liquid  with  an  acid,  and 
recrystallising  the  crude  diosphenol  from  a  mixture  of  alcohol 
and  ether.  Buchu  oil  is  often  adulterated  with  turpentine 
and  possibly  other  oils.  It  is  used  to  a  small  extent  in 
medicine. 

Angostura  Oil. — The  bark  of  Galipea  cusparia  yields 
between  "5  and  2  per  cent,  of  essential  oil.  The  tree  is 
found  in  abundance  on  the  mountains  in  Venezuela,  and 
it  is  especially  plentiful  in  the  country  round  about  the 
Gulf  of  Santa  Fe.  The  name  angostura  appears  to  have 
been  given  to  it  on  account  of  its  having  been  found  first 
in  the  district  bearing  that  name,  situated  on  the  Orinoco. 
The  oil  has  a  specific  gravity  '930  to  '960,  and  an  optical 
rotation  of  -  35°  to  -  50°.  It  has  been  investigated  by 
Beckurts  and  his  pupils.  In  their  earlier  investigations 
{Arch.  Pharm.,  ccxxix.,  p.  591)  they  obtained  T5  per  cent, 
of  oil  from  the  bark,  of  specific  gravity  '956.  More  recently 
(Arch.  Pharm.,  ccxxxv.,  pp.  518,  634)  they  obtained  the 
same  yield  of  oil  of  specific  gravity  -941  at  20°,  of  optical 
rotation  -  50°.  The  oil  decomposes  partially,  when  distilled 
under  ordinary  pressure,  with  the  formation  of  water.  A 
small  portion  was  obtained  boiling  at  160°,  and  having  an 
odour  resembling  pinene.  A  small  quantity  of  a  terpene  is 
thus  probably  present.  The  main  portion  of  the  oil,  however, 
distils  between  260°  and  280°,  and  consists  of  a  sesquiterpene 
and  a  sesquiterpene  alcohol.  The  sesquiterpene,  which  is 
laevo-rotary,  was  originally  described  under  the  name  gali- 
pene,  but  has  now  been  shown  to  be  identical  with  cadinene. 
The  alcohol  C15H10O  is  termed  galipol ;  it  is  a  liquid  of 
specific  gravity  -927  at  20°,  and  is  optically  inactive.  By 
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the  action  of  dehydrating  agents  this  body  gives  up  water 
and  yields  cadinene.  In  addition  to  these  bodies  there  is  also 
present  a  small  quantity  of  an  inactive  sesquiterpene,  and 
traces  of  a  crystalline  stearoptene.  The  oil  is  used  to  a  small 
extent,  chiefly  for  the  preparation  of  liqueurs,  etc. 

Jaborandi  Oil. — The  leaves  of  Pilocarpus  pinnatifolius 
yield  about  5  per  cent,  of  an  essential  oil,  of  specific  gravity 
about  0*865  to  0"895.  Its  optical  rotation  is  about  +  30°.  It 
is  soluble  in  two  volumes  of  80  per  cent,  alcohol.  Its  composi- 
tion is  not  well  known,  but  the  terpene  dipentene  has  been 
identified,  and  also  a  crystalline  hydrocarbon,  belonging  to  one 
of  the  unsaturated  series.  The  latter  body  sometimes  occurs 
to  so  great  an  extent  that  the  oil  solidifies  on  cooling.  It  also 
contains  methyl-nonyl-ketone. 

N.  0.  Zygophylle^. 

Guaiacum  Wood  Oil. — This  oil  is  identical  with  that  offered 
in  commerce  under  the  name  of  champaca  wood  oil.  As  a 
matter  of  fact  neither  name  can  be  regarded  as  correct.  The 
wood  is  known  as  Palo  balsamo  or  guaiacum  wood.  It  was 
originally  believed  to  be  the  product  of  Guaiacum  officinale, 
but  it  is  now  clearly  settled  that  it  is  the  product  of  Bulnesia 
sarmienti,  and  is  known  as  Palo  santo  (holy  wood)  to  the 
natives.  It  appears  to  be  indigenous  to  Argentine  and 
Paraguay,  and  is  especially  plentiful  along  the  course  of  the 
river  Eio  Bermejo,  a  tributary  of  the  Eio  Paraguay.  The 
wood  yields  from  4  to  8  per  cent,  of  essential  oil,  which  is 
practically  solid  at  ordinary  temperatures.  This  oil  has  an 
exceedingly  delicate  tea  odour,  and  is  well  suited  both  for 
soap  perfumery  and  for  blending  witb  stronger  perfumes 
for  ordinary  scents.  The  oil,  which  is  of  a  hard  semi-solid 
consistency,  has  a  specific  gravity  of  about  "970  at  30°,  and 
is  laevo-rotary  to  the  extent  of  about  -  6°  to  -  8°  at  its 
melting  point  temperature.     It  liquefies  at  from  +  45°  to 
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+  55°,  but  rapidly  solidifies  on  cooling.  It  is  soluble  in  70 
per  cent,  alcohol.    The  oil  has  an  ester  number  of  2  to  4. 

The  only  constituent  yet  ascertained  has  been  examined 
by  Wallach  and  Tuttle.  It  is  a  crystalline  alcohol  of  the 
formula  C]5H260,  which  is  termed  guaiol.  This  body  is 
identical  with  that  found  by  Merck  and  named  by  him 
ohampacol,  believing  that  the  wood  was  really  [champaca 
wood.  Guaiol  melts  at  91°,  boils  at  288°  under  ordinary 
pressure,  and  at  155°  until  a  pressure  of  13  mm.,  and  is 
laevo-rotary.  By  heating  it  with  zinc  chloride,  it  yields  a 
blue  oil,  of  specific  gravity  -910  at  20°,  and  which  appears 
to  be  a  sesquiterpene.  An  acetate  of  the  alcohol  has  been 
prepared,  which  boils  at  155°  under  a  pressure  of  10  mm.  In 
addition  to  its  legitimate  use  as  a  perfume,  it  is  now]  being 
somewhat  extensively  used  as  an  adulterant  of  otto  of  roses. 
It  is  usually  mixed  with  geranium  oil,  so  as  to  have  the  same 
congealing  point  as  otto  of  roses,  and  is  then  used  under  the 
name  "  essence  de  la  gaiiac  a  la  geranium  ". 

N.  0.  Anacardiace^. 

Mastic  Oil.— The  resin  from  Pistacia  lentiscus,  the  mastic 
tree,  an  inhabitant  of  Southern  Europe,  North  Africa  and  the 
Levant,  which  is  known  as  mastic,  consists  of  a  mixture  of 
resins  and  resinoids  with  about  1  to  2  per  cent,  of  volatile  oil. 
This  oil,  which  has  a  characteristic,  pleasant  odour  has  a 
specific  gravity  of  about  -850  to  -870,  and  an  optical  rotation 
of  +  20°  to  +  30°.  Its  composition  is  not  known,  except  that 
it  contains  one  or  more  terpenes. 

Ghian  Turpentine  This  oil  is  the  product  of  dis- 

tillation with  water,  of  Chian  turpentine,  the  resin  of  Pistacia 
terebmthus,  an  inhabitant  of  Syria  and  the  Greek  archipelago 
The  yield  is  about  15  per  cent,  of  an  oil  of  specific  gravity  -860 
to  -870,  and  optical  rotation  +  10°  to  +  20°.  It  resembles 
turpentine  in  its  composition. 
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N.  0.  LEGUMINOSiE. 

Copaiba  Oil. — This  oil  is  obtained  from  several  species  of 

Copaifera.  It  is  obtained  by  distilling  the  oleo-resin  commonly 

known  as  balsam  of  copaiba,  which  yields  from  35  to  65  per 

cent,  of  essential  oil.    The  principal  varieties  met  with  in 

commerce  are  the  following:  Bahia,  Cartagena,  Maracaibo, 

Maranham,  Para,  Cayenne  and  Angostura.   The  following  are 

probably  the  sources  of  several  of  these  (Umney) : — 

Bahia,  C.  coriacea. 
Cartagena,  G.  officinalis. 
Maracaibo,  C.  officinalis. 
Maranham,  G.  landsdorffii. 
Para,  C.  multijuga. 
Cayenne,  C.  quianensis. 

Both  the  "  balsam  "  and  the  essential  oil  are  official  in  the 
British  Pharmacopoeia ;  but  in  the  description  of  the  essential 
oil  under  "copaiba"  the  optical  rotation  is  given  as  -  28°  to 
-  35°.  This  is  an  error  due  to  incorrect  abstraction  of  a 
paper  where  the  optical  rotation  is  given  for  a  200  mm.  tube. 
Apart  from  this  the  figures  are  incorrect  (vide  infra). 

Oil  of  copaiba  is  a  colourless  to  pale  yellow  thick  oil  oc- 
casionally of  a  faint  green  tinge,  of  specific  gravity  varying 
between  0"900  and  0*918.  The  optical  rotation  is  very  variable, 
but  the  figures  -  7°  to  -  20°  will  be  found  to  cover  most 
genuine  samples.  Earely  -  5°  to  -  35°  will  be  found,  and 
Schimmel  &  Co.  record  figures  as  high  as  -  78°  for  a  sample 
of  Para  oil,  and  as  low  as  -  2°  for  an  Angostura  oil.  Whether 
these  were  pure  oils  is  not  clear,  but  certainly  they  must  be 
regarded  as  abnormal.  The  acid  value  of  the  oil  is  from  2  to 
12,  and  the  ester  value  from  0  to  10.  The  oil  is  soluble  in  one 
volume  of  absolute  alcohol,  and  in  six  to  ten  volumes  of  95  per 
cent,  alcohol.  Its  refractive  index  is  1*500,  rarely  slightly 
under  this  figure,  usually  rather  above  it.  The  oil  boils 
between  245°  and  280°. 

The  only  constituents  of  copaiba  oil  that  are  known  with 
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certainty  are  sesquiterpenes,  with  traces  of  a  sesquiterpene 
alcohol.  In  Surinam  oil  it  is  said  that  traces  of  cadinene 
are  present  amongst  the  sesquiterpenes.  The  usual  adul- 
terants of  the  "balsam"  which  find  their  way  into  the  es- 
sential oil,  are  gurjun  oil  and  African  copaiba. 

Gurjun  oil  is  strongly  laevo-rotary,  whilst  African  copaiba 
oil  is  dextro-rotary.  Mixtures  of  the  two  are  often  found  so 
that  the  optical  rotation  is  carefully  adjusted.  But  gurjun 
oil  yields  a  very  characteristic  reaction  which  enables  it  to  be 
detected  with  almost  certainty.  If  six  drops  of  the  oil  are  dis- 
solved in  15  c.c.  of  glacial  acetic  acid  and  six  drops  of  nitric 
acid  added  and  the  whole  shaken,  a  purple  to  violet  colour 
will  be  developed  in  a  minute  or  two,  according  to  the  amount 
of  adulterant  present.  If  after  ten  minutes  no  colour  or  only 
the  very  faintest  trace  of  pink  is  developed  no  notice  need  be 
taken  of  it,  as  it  will  probably  be  due  to  traces  of  a  sesquiter- 
pene yielding  a  faint  colour  reaction,  which  occurs  in  some 
copaibas.  In  the  absence  of  gurjun  oil,  African  copaiba  oil 
will  lower  the  rotation  or  even  make  it  change  its  sign. 

N.  0.  BuBSEBACEiE . 

Linaloe  Oil. — The  linaloe  oil  of  ordinary  commerce  is  dis- 
tilled both  in  Mexico  and  Europe  from  the  wood  of  several 
species  of  Bursera,  chiefly  from  Bursera  Delpechiana  and 
Bursera  aloexylon,  and  is  in  no  way  connected  with  aloe 
wood,  as  its  name  implies  (lignaloe).  A  linaloe  wood  is  also 
exported  from  Trench  Guiana  and  Brazil,  but  this,  known 
locally  as  bois  de  rose  femelle  or  licari  wood,  is  the  product 
of  one  of  the  Lauracece,  probably  Ocotea  caudata,  and  is 
mentioned  here,  out  of  its  proper  place,  as  a  matter  of  con- 
venience. 

The  Mexican  wood  contains  from  7  to  12  per  cent,  of 

volatile  oil,  distributed  through  the  circular  strata  of  woody 

parenchyma  and  prosenchyma.    It  was  first  investigated  by 

29 
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Verneuil  and  Poisson,  who  stated  that  it  distilled  almost  en- 
tirely between  189°  and  192°,  and  that  it  consisted  mainly  of 
an  oxygenated  body  of  the  formula  2(C10H8)5H2O.  Semmler, 
however  (Berichte,  1891,  p.  207),  was  the  first  to  discover  the 
true  odorous  principle  of  the  oil,  which  he  termed  linalol. 
In  addition  to  this  alcohol,  geraniol  and  d-terpineol  and  the 
ketone,  methyl-heptenone,  have  been  found  in  the  oil,  together 
with  traces  of  a  sesquiterpene  and  two  terpenes.  Barbier 
and  Bouveault  give  as  the  composition  of  an  oil  examined 
by  them — 

Linalol  90  per  cent. 1 

Geraniol  2  „ 

Sesquiterpene  3  „ 

Methyl-heptenone  0*1  „ 

Terpene  (1)  0-1  „ 

„      (2)  •        01  „ 

Theulier  has  shown  that  geraniol,  terpineol  and  methyl- 
heptenone  are  absent  from  the  Cayenne  oil.  The  oil  is  of 
pleasant  odour,  referred  by  some  to  that  of  lemon  and 
bergamot,  but  in  the  author's  opinion  not  in  the  least  similar 
to  either.  It  varies  in  specific  gravity  from  *875  to  "898, 
and  in  optical  rotation  is  usually  from  -  5°  to  -  12°.  It 
should  be  quite  soluble  in  two  volumes  of  70  per  cent, 
alcohol. 

It  has  now  been  established,  however,  that  linaloe  oil 
is  sometimes  dextro-rotary  up  to  +  8°.  The  acid  value  of  the 
oil  is  from  1  to  2,  and  the  ester  value  from  3  up  to  20.  The 
refractive  index  varies  between  T4590  and  1-4640.  The  de- 
termination of  the  amount  of  linalol  is  not  an  easy  matter 
as  this  alcohol  readily  breaks  down  on  heating  with  acetic 
anhydride  (vide  p.  117).  The  results  of  fractional  distillation 
are  most  useful,  and  genuine  oils  should  agree  with  the  follow- 
ing figures  which  were  obtained  by  the  author  and  Bennett : — 

1  This  figure  is  undoubtedly  too  high. 
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No.  1. 


10% 
20% 
20% 

20% 
20% 

,  10% 
(residue) 


Sp.  Gr. 


Optical 
Rotation. 


0-868 
0-870 
0-871 
0-872 
0-876 
0-913 


•11° 
11°  30' 
13° 
13° 
12D 


Refractive 
Index. 


1-4580 
1-4590 
1-4605 
1-4612 
1-4620 
1-4750 


No.  2. 

No.  3. 

No.  4. 

Sp.  Gr. 

Optical 

Ro- 
tation. 

Sp.  Gr. 

Optical 

Ro- 
tation. 

Sp.  Gr. 

Optical 

Ro- 
tation. 

1 

2 
3 
4 
5 
6 

10% 
20% 
20% 
20% 
20% 
( resi- 
due) 

0-870 
0-870 
0-871 
0-873 
0-877 
0-909 

- 10°  30' 
-10°  20' 
-10°  40' 
-10°  10' 
-  9°  40' 

0-872 
0-871 
0-873 
0-874 
0-876 
0-914 

- 11°  40' 
- 11°  30' 
-12° 
- 11°  50' 
- 11°  10' 

0-871 
0-871 
0-873 
0-874 
0-876 
0-912 

-12° 
-13° 
- 13°  20' 
- 11°  50' 
- 10°  30' 

The  characters  of  the  original  oils  were  as  follows  :— 


No. 

Sp.  Gr. 

Optical  Rotation. 

1 

0-882 

-11° 

2 

0-882 

-10° 

3 

0-877 

-11°  30' 

4 

0-879 

-12°  10' 

Schimmel  gives  the  following  figures  for  two  dextro-rotary 
oils:—  J 

Oil  L:  dVo0  0-8816;  ad  +  6°  3';  acid  number  17  ■  ester 
number  20-0  ;  nmo  1-46209 ;  soluble  in  1-6  and  more  volumes 
70  per  cent,  alcohol.  On  distillation  in  vacuo  there  passed 
over : — 
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Pressure. 

Temperature. 

Per  cent. 

Optical  Rotation. 

Remarks. 

1 

2 
3 
4 
5 
6 

4  mm. 

4  „ 

4  „ 

5  „ 
5 

5  ,. 

up  to  66° 
66°    to  67-5° 
67-5°  to  68° 
73°    to  76° 
76°    to  82° 
82°    to  96° 

8-5 
23-5 
32-1 
170 
2-1 
8-7 

aa  +  6°  30' 
ad  +  8°  18' 
aa  +  9° 
aa  +  7°  30' 
ad  +  3°  20' 
aa  -10°  5' 

(  linalol 
J  fraction 

Oil  II. :  dl50  0-8783 ;  ad  +  8° ;  acid  number  T4 ;  ester 
number  3*5 ;  nd20o  1  "46149  ;  soluble  in  2'0  and  more  volumes 
70  per  cent,  alcohol.  On  distillation  in  vacuo  the  following 
passed  over : — 


Pressure. 

Temperature. 

Per  cent. 

Optical  Rotation. 

Remarks. 

1 

10  mm. 

60°  to  86° 

4-5 

ad  +  5°  24' 

2 

10  „ 

86°  to  90° 

9-0 

ad  +  8°  50' 

1  linalol 

3 

10  „ 

90°  to  91° 

15-0 

aa  +11°  21' 

f  fraction 

4 

14 

95°  to  97° 

51-0 

ad  +11°  15' 

5 

14  „ 

97°  to  100° 

5-0 

aa  +  8° 

6 

14  „ 

100°  to  110° 

3-0 

ad  -11° 

7 

14  „ 

110°  to  120° 

3-0 

ad  - 18°  20' 

The  Cayenne  wood  has  been  described  under  various 
names,  but  the  researches  of  Professor  Moller  have  proved 
that  it  is  the  product  of  one  of  the  Lauraceace,  as  above 
mentioned  (Pharm.  Post,  1896,  No.  46).  The  two  plants 
which  probably  yield  the  wood  are  Ocotea  caudata  and 
Licaria  guaiaensis.  The  oil  is  obtained  to  the  extent  of 
from  1  to  2  per  cent.,  and  is  of  agreeable  odour,  and  specific 
gravity  '870  to  -880.  It  is  laevo-rotary  -  15°  to  -  17°,  and 
contains  the  same  principal  constituents  as  the  oil  from  the 
Mexican  wood.  Linalol,  geraniol  and  metlryl-heptenone  have 
been  identified.  The  oil  from  the  Cayenne  wood,  however,  is 
not  much  seen  in  commerce. 

Theulier  gives  the  following  figures  for  the  Cayenne 

oil : — 
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Specific  gravity   0  873  to  0-875 

Optical  rotation   - 15°  50' 

It  is  soluble  in  2  volumes  of  70%  alcohol. 

Ester  value   4 1-4 

Boils  between   192°  to  210° 

The  following  table  shows  the  behaviour  of  the  oil  on 
fractionation  : — 

__  ~PPt'  CPXhf 

Temperature.         distilled         Sp-  Gravity-  Rotation. 

100°                  0-50                —  — 

194°  to  195°             38-00               0-8625  - 15°  48' 

195°  to  196°             39-00              0-8638  - 16°  20' 

196°  to  200°             16-00              0-8660  - 14°  32' 

200°  to  205°              4-00                —  -11°  50' 

Residue                 2-50  —   


Elemi  Oil. — Elemi  resin  yields  from  15  to  30  per  cent,  of 
volatile  oil.  The  botanical  source  of  the  plant  yielding  the 
resin  is  not  definitely  decided,  but  it  is  probably  Oanarium 
commune  and  other  species.  Several  kinds  of  elemi,  probably 
of  quite  different  botanical  origin,  were  offered  in  commerce 
at  one  time,  but  now  practically  the  whole  of  the  resin  on  the 
market  is  the  Manila  elemi,  which  in  all  probability  is  the 
product  of  Oanarium  species.  Fliickiger  and  Hanbury  state 
that  the  oil  is  colourless,  and  strongly  dextro-rotary,  whilst 
Deville  states  that  the  oil  is  laevo-rotary.  This  difference  is 
doubtless  due  to  the  resin  having  been  obtained  from  different 
plants.  Schimmel  &  Co.  distilled  some  oil  and  found  it  to 
have  a  specific  gravity  -900  and  to  be  dextro-rotary.  The 
oil  consists  chiefly  of  the  terpenes  etero-phellandrene  and 
dipentene,  but  contains  also  some  higher  boiling  compounds. 
It  has  a  specific  gravity  -870  to  -910,  and  is  dextro-rotary 
about  +  45°  (if  distilled  from  Manila  elemi).  The  oil  is 
but  seldom  employed. 

Myrrh  Oil.— The  resin  obtained  from  Commiphora 
myrrha,  and  other  species,  yields  from  2  to  10  per 
cent,  of  a  volatile  oil  of  specific  gravity  -985  to  1*046  and 
of  laevo-rotary  power  up  to  -  90°.    The  chemistry  of  the 
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oil  requires  investigation.  Its  refractive  index  is  about 
1/5360.  Its  acid  value  is  from  5  to  10,  and  ester  value 
about  48. 

Tucbolka  (Arch.  Pharm.,  ccxxxv.,  289)  has  extracted  the 
essential  oil  from  a  Bisabol  myrrh  coming  from  the  interior 
of  the  Somali  country,  by  removing  it  from  the  alcoholic 
solution  of  the  resin  by  means  of  petroleum  ether.  The  oil 
was  purified  by  steam  distillation,  and  then  had  a  light 
yellow  colour,  specific  gravity  '8836,  and  optical  rotation 
-  14°  20'.  It  boiled  at  220°  to  270°.  The  yield  was  7-8 
per  cent.  By  means  of  dry  hydrochloric  acid  gas,  a  crys- 
talline hydrochloride  was  separated,  which,  on  treatment 
with  boiling  acetic  solution  of  sodium  acetate,  set  free  a 
hydrocarbon  which  the  above-named  investigator  terms  bi- 
sabolene.  This  hydrocarbon  had  a  specific  gravity  -8914 
and  boiled  at  260°.  The  same  chemist  suggests  the  un- 
likely formula  C56H960  for  the  residual  portion  of  the 
oil. 

Frankincense  Oil. — The  oil  from  the  resin  of  various 
'  species  of  Boswellia,  which  is  yielded  to  the  extent  of  3  to  8 
per  cent.,  has  a  specific  gravity  '875  to  -885  and  an  optical 
rotation  of  about  +  20°.  Its  acid  value  is  about  2  and  ester 
value  15  to  20.  It  consists  chiefly  of  terpenes,  of  which 
those  identified  are  pinene,  phellandrene  and  dipentene.  It 
is  also  said  by  Haensel  to  contain  an  alcohol  of  the  formula 
CaeH^O,  and  its  formic  acid  ester. 

Opoponax  Oil. — The  resin  of  Balsamodendron  Kafal 
yields  from  5  to  10  per  cent,  of  an  oil  of  specific  gravity  '860 
to  -910  and  of  optical  activity  -  8°  to  -  15°.  It  contains  ter- 
penes, but  its  chemistry  requires  investigation.  A  crystalline 
body,  C20H10O7,  melting  at  134°  and  termed  oponal,  has  been 
isolated.  Schimmel  &  Co.  have  found  an  alcohol,  and  a 
sesquiterpene  of  specific  gravity  0*871  and  refractive  index 
1*4887,  and  optically  inactive. 
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N.  0.  Gekaniace^. 

Geranium  Oil. — True  geranium  oil  is  distilled  from 
the  fresh  herb  of  several  species  of  pelargonium,  chiefly 
Pelargonium  odoratissimum,  Pelargonium  capitatum  and 
Pelargonium  roseum.  As  a  matter  of  fact,  however,  the 
plants  cultivated  are  varieties  of  these  descriptions,  not 
corresponding  exactly  with  the  plant  when  cultivated  true 
to  name  in  England.  The  plants  are  cultivated  in  open 
fields  in  many  parts  of  Algeria,  notably  at  La  Trappe  de 
Staoiieli,  Castiglione,  Sahel,  and  near  Algiers  and  Constantine. 
It  is  also  largely  cultivated  in  the  south  of  France,  in  Spain 
(chiefly  near  Valencia  and  in  the  province  of  Almeria),  in 
Italy,  Corsica,  Eeunion  (Bourbon)  and  in  Provence. 

The  plants  are  gathered  a  short  time  before  the  opening 
of  the  flowers,  when  the  rose-like  odour  commences  to  de- 
velop— the  leaves  at  the  same  time  commencing  to  turn 
yellow.  The  odorous  oil  is  contained  entirely  in  the  green 
parts  of  the  plant,  the  coloured  petals  being  practically 
odourless.  The  whole  plant  is,  however,  put  into  the  still, 
and  sometimes  rose  petals  are  added,  and  the  resulting  fine 
oil  is  sold  as  oil  of  rose-geranium.  There  has  been  much 
controversy  between  various  chemists  regarding  the  identity 
and  nomenclature  of  the  alcohol  contained  in  geranium  oils. 
It  is  not  proposed  to  enter  into  these  controversies  here,  as 
an  impartial  examination  of  the  subject  easily  enables  one  to 
discriminate  the  facts  of  the  case,  but  for  a  succinct  account 
of  them,  the  reader  is  referred  to  Schimmel  &  Co.'s  report  for 
April,  1896. 

Geranium  oil  is  a  sweet-scented  liquid  of  specific  gravity 
•888  to  -906.  It  is  laevo-rotary,  from  -  6°  to  -  16°.  (This 
oil  must  not  be  confused  with  the  so-called  Indian  geranium 
oil,  the  product  of  one  of  the  Grarmneee,  quod  vide.)  Pure 
geranium  oil  is  soluble  in  three  times  its  volume  of  70  per 
cent,  alcohol.    The  main  constituent  of  the  oil  is  geraniol, 
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but  some  citronellol  is  also  present.  In  addition  to  the  free 
alcohols,  the  tiglic  acid  esters  are  also  present,  together  with 
small  quantities  of  caproic  acid  esters.  Flatau  and  Labbe 
state  that  two  other  acids,  C14H2802  and  Ci0H18O2,  are  also 
present  in  the  form  of  esters,  but  this  requires  confirmation, 
and  is  disputed  by  Schimmel  &  Co.  Acetic,  butyric  and 
valerianic  oils  are  also  present  in  traces.  The  amount  of 
geraniol  (together  with  the  citronellol,  calculated  as  geraniol) 
present  is  usually  about  60  per  cent,  in  the  free  state,  but 
sometimes  reaches  70  per  cent.  In  addition  there  is  from  15 
to  25  per  cent,  combined  in  the  form  of  esters.  Laevo- 
menthone  and  a  stearoptene  melting  at  63°  are  present  in 
traces.  Schimmel  &  Co.  have  recently  found  linalol,  one  of  the 
amyl  alcohols,  pinene  and  phellandrene  present.  The  refrac- 
tive indices  of  a  number  of  geranium  oils  have  been  determined, 
and  as  the  true  geranium  oil  is  often  adulterated  with  the  so- 
called  Indian  geranium  oil  (vide  Graminece),  this  figure  will 
be  found  of  use  in  cases  where  gross  adulteration  has  been 
practised.    The  average  figures  are  as  follows  : — 

African  oil       ......  1-4680 

Bourbon  .       .       .       .       .       .       .  1-4640 

Spanish   .       ,       .       .       .       .       .  1-4610 

French  and  German       ....  1-4650 

Indian  oil   1-4800  to  1-4900 


The  following  table  covers  numerous  samples  of  geranium 
oils : — 


Specific 
Gravity. 

Rotation. 

Esters.1 

Total 
Geraniol. 

Reunion  oil  . 

Cames  ,  

African    „  . 
Spanish   ,,  . 
German  ,,  . 

•888  to  -896 
•896  to  -905 
•892  to  -900 

•898 

•906 

-8  to -11 

-9° 
-  7°  to  - 10° 
-10° 
-16° 

Per  cent. 
26  to  33 
25  to  28 
20  to  30 
30  to  40 
27-9 

Per  cent. 

75  to  85 
80 
82-1 
85-5 
74-1 

Calculated  as  geranyl  tiglate. 
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Schimniel  &  Co.  give  the  following  limits  for  the  various  oils  : — 

Sp.  Gravity.  Rotation. 

Algerian.       .       .       .       -892  to  -900  -  6°  30'  to  -  10° 
German  ....             -906  -  16° 

French  ....       -897  to  -905  -  7°  30'  to  -  9°  30' 

Eeunion  ....       -889  to  -893  -  8°  to  -  11° 

and  state  that  the  Algerian  variety  is  poorest  in  esters, 
containing  from  19  to  29  per  cent,  calculated  as  geranyl 
tiglate,  as  against  25  to  35  per  cent,  for  other  varieties. 
Jeancard  has  found  19  per  cent,  of  esters  in  a  French  oil,  but 
this  was  probably  adulterated. 

Charabot  and  Laloue  (Bull.  Soc.  Chim.  de  Paris,  1903, 
838)  have  published  an  important  contribution  to  that  por- 
tion of  the  chemistry  of  essential  oils  which  Dr.  Cbarabot  has 
so  especially  made  his  own.  To  study  the  evolution  of  the 
various  organic  bodies  found  in  the  essential  oils,  a  study 
which  may  eventually  lead  to  the  possibility  of  favourably 
modifying  the  odour  of  oils  by  artificial  means,  it  is  necessary 
to  have  an  accurate  conception  of  the  actual  distribution  of 
these  bodies.  The  paper  in  question  deals  with  the  distribu- 
tion of  the  organic  constituents  in  the  geranium. 

In  determining  the  free  volatile  acids  present,  they  find 
that  the  amount  diminishes  as  one  proceeds  from  the  leaves 
down  to  the  stem,  the  leaves  themselves  containing  50  per 
cent,  more  than  the  stems.  A  careful  examination  of  the 
different  portions  of  the  flowering  plant,  shows  that  the 
terpenic  compounds  (by  which  the  authors  evidently  mean  the 
geraniol  compounds  as  well)  are  found  to  be  entirely  absent 
in  the  petioles  and  in  the  stems,  being  found  only  in  the 
leaves.  It  is  therefore  clear  that  the  odorous  substances  are 
elaborated  in  the  leaves  themselves.  This  at  once  explains  the 
unusual  circumstance  of  the  complete  absence  of  essential  oil 
in  the  flower ;  for  the  oil  does  not  at  any  time  traverse  the  stems, 
and  therefore  has  no  opportunity  of  reaching  the  flowers. 

The  essential  oil  obtained  by  separation  from  the  distilla- 
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tion  waters  was  examined  in  comparison  with  that  extracted 
from  the  water  itself,  and  with  the  whole  of  the  oil  yielded  by 
the  plant.    The  following  results  were  obtained : — 


Separated  Oil. 

Oil  from  Water. 

Total  Oil. 

Specific  gravity 

0-8979 

0-8930 

0-8971 

Rotation . 

-11°  2' 

-  5°  13' 

- 10°  6' 

Acidity  . 

47 

16-5 

24 

Saponification  No. 

63-6 

23-2 

57 

Ester  No. 

16-6 

6-7 

15 

Alcohols  as  geraniol 

70-7  per  cent.    77-5  per  cent. 

71-8  per 

Esters  (geranyl  tiglate)  • 

7-0 

2-8 

6-3 

A  geranium  oil  produced  in  Sicily  has  been  examined  by 
Umney  and  Bennett.  This  product,  which  had  a  pleasant 
odour,  was  obtained  in  a  yield  of  0'07  per  cent,  from  plants 
grown  on  a  dry  soil.  The  optical  rotation  of  the  80  per  cent, 
first  distilling  over  was  -  11° ;  d15o  0*894 ;  ester  content 
(geranyl  tiglinate)  35'6  percent. ;  total  geraniol  71*9  per  cent.; 
soluble  in  two  vol.  80  per  cent,  alcohol ;  insoluble  in  70  per 
cent,  alcohol.  The  ester  content  is  therefore  higher  than  in 
French  or  Algerian  oils,  but  approaches  very  closely  to  the 
highest  observed  in  Reunion  geranium  oil.  In  view  of  the 
small  yield  in  which  it  was  obtained  in  the  distillation,  it  is 
doubtful  whether  the  Sicilian  oil  will  ever  appear  as  a  serious 
competitor  against  the  oils  met  with  in  commerce. 

Schimmel  &  Co.  have  found  interesting  adulterations  of 
geranium  oil.  From  two  samples  they  isolated  benzoic  acid 
which  had  probably  been  added  to  the  oil  in  the  form  of  ester, 
in  order  to  cause  an  apparent  increase  in  the  content  of 
geranyl  tiglinate  in  the  oil.  The  oils  gave  the  following 
results  on  examination  : — 

1.  dlb»  0-9074 ;  ad  -  9° ;  nd.20o  1-47196 ;  acid  number  6'6 ; 
ester  number  74-8  -  31*5  per  cent,  geranyl  tiglate;  ester 
number  after  acetylation  222-64  =  73 '5  per  cent,  total  geraniol ; 
soluble  in  1*8  and  more  volumes  70  per  cent,  alcohol;  the 
dilute  solution  is  opalescent ;  when  left  standing,  a  fairly  large 
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separation  of  paraffin  occurs.  The  benzoic  acid  isolated 
melted  at  121°  to  122°. 

2.  d150  0-9054  ;  ad  -  8°  8' ;  nmo  1-47313 ;  acid  number  6-9 ; 
ester  number  61*3  =  25 -8  per  cent,  geranyl  tiglate ;  soluble 
in  about  two  and  more  volumes  70  per  cent,  alcohol. 

Fatty  oils  and  turpentine  are  frequently  added  to  the  pure 
geranium  oil,  but  these  are  easily  detected  by  the  decrease  in 
the  solubility  of  the  oil,  besides  the  alteration  in  the  other 
constants.  Fatty  oils  also  leave  a  residue  on  evaporation. 
Indian  geranium  oil  lowers  the  ester  value,  and  raises  the 
refractive  index,  and  raises  the  free  geraniol  content. 
G-eranium  oil  is  extensively  used  as  a  perfume  on  account  of 
its  exquisite  odour,  and  other  leaves  are  sometimes  added  to 
the  geranium  leaves  on  distillation,  in  order  to  produce  a 
still  finer  product,  e.g.,  rose  geranium  oil.  The  geranium 
oil  used  so  extensively  for  adulterating  otto  of  roses  is  not 
the  true  geranium  oil,  but  that  usually  known  as  Turkish  or 
Indian  geranium  (vide  supra). 

1ST.  0.  Teop^ole^;. 

Oil  of  Tropcsolum. — The  Nasturtium  (Tropceolum  majus) 
yields  about  "04  per  cent,  of  a  strongly  smelling  essential  oil, 
when  the  green  plant  is  distilled  with  steam.  The  vessel 
should  be  well  tinned  inside,  on  account  of  the  sulphur  con- 
tained in  the  oil.  Hofmann  investigated  this  oil  in  1874, 
probably  distilling  it  without  previous  crushing.  In  the  oil 
he  found  benzyl  cyanide.  Gadamer  (Arch.  Pharm.,  1899, 
p.  237)  distilled  the  plant,  first  well  minced,  with  steam,  and 
extracted  the  small  quantity  of  oil  from  the  distillate  with 
ether.  He  found  that  it  contained  86  per  cent,  of  benzyl- 
thiocarbimide.  He  considers  this  is  due  to  the  fact  that 
there  is  in  the  plant  an  enzyme  which  decomposes  the  gluco- 
side  present,  with  the  formation  of  this  body.  He  suggests 
that  by  not  crushing  the  plant  the  enzyme  is  destroyed  before 
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it  can  decompose  the  glucoside  which  is  distributed  all  through 
the  cells,  and  that  the  benzyl  cyanide  obtained  by  Hofmann 
was  a  product  of  decomposition  of  the  glucoside  through  the 
distillation. 

N.  0.  Meliace^e. 

Oil  of  Gedrela. — One  of  the  most  useful  woods  in  Jamaica 
is  that  obtained  from  Gedrela  odorata,  an  immense  forest  tree. 
It  is  a  native  of  the  Caribbee  Islands  and  the  Barbadoes. 
Its  timber  has  a  pleasant  odour  of  cedar,  hence  it  is  frequently 
spoken  of  as  Jamaica  or  Honduras  cedar,  and  from  the  wood 
most  of  the  ordinary  cigar  boxes  are  made.  The  wood  yields- 
from  "5  to  1  per  cent,  of  oil  of  a  light  blue  colour,  of  specific 
gravity  *935,  and  optical  rotation  under  -  1°.  The  cedar- 
wood  oils  from  La  Plata  and  Punta  Arenas  (Costa  Eica), 
which  have  been  referred  to  under  true  cedar-wood  oil,  are 
probably  obtained  from  closely  related  trees  of  this  order. 
The  oil  from  La  Plata  is  of  a  light  blue  colour,  has  a  specific 
gravity  -928,  and  is  optically  inactive.  That  from  Punta 
Arenas  is  yellow,  of  specific  gravity  "915  and  optical  rotation 
-  6J.    It  consists  chiefly  of  cadinene. 

Corinto  cedrela  wood  yields  an  oil  of  specific  gravity 
0"906  and  optical  activity  -  17°.  A  Cuban  wood  gave  an  oil 
of  specific  gravity  0*923  and  optical  activity  + 18°,  consisting 
largely  of  cadinene. 

N.  0.  Crucifer^. 

Mustard  Oil. — The  essential  oil  of  mustard  is  obtained  by 
distilling  the  seeds  of  Sinapis  nigra  with  water.  The  oil  is 
official  in  the  British  Pharmacopoeia,  which  requires  it  to 
have  a  specific  gravity  of  P018  to  1'030.  The  seeds  contain 
the  glucoside  potassium  myronate,  which,  under  the  influence 
of  a  ferment,  myrosin,  also  present  in  the  seeds,  in  the  presence 
of  water,  is  decomposed  according  to  the  following  equation  : — 
C10H18KNO10S2  =  C6H1208  +  S04KH  +  CS  .  N.  C3H5. 

Potassium  myronate.         Glucose.  Mustard  oil. 
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The  chief  product  of  the  reaction  is  thus  allyl  iso-thiocyanate 
(allyl  thiocarbimide),  a  pungent  and  disagreeable  liquid.  A 
small  quantity  of  the  normal  allyl  thiocyanate  is  also  formed, 
together  with  traces  of  allyl  cyanide  and  carbon  disulphide. 
The  oil  is  a  pungent  and  unpleasantly  smelling  liquid  of  specific 
gravity  T015  to  1'030,  and  optically  inactive.  It  boils  almost 
entirely  from  148°  to  156°.  Its  refractive  index  is  1'526  to  l-530. 
As  mustard  oil  consists  almost  entirely  of  allyl  iso-thiocyanate, 
and  the  latter  body  is  easily  prepared  artificially,  there  is  an 
artificial  oil  on  the  market.  This  is  made  by  distilling  allyl 
iodide  or  bromide  with  alcoholic  solution  of  potassium 
thiocyanate  —  a  molecular  rearrangement  to  the  iso-thio- 
cyanic  radicle  taking  place.    Thus — 

CN  .  SK  +  C3H5I  =  CS  .  N  .  C3H5  +  KI. 

Pure  allyl  iso-thiocyanate  is  a  liquid  of  specific  gravity  1*017 
at  10°,  boiling  at  151°. 

The  artificial  oil,  however,  is  not  far  different  in  price 
from  the  natural  oil.  The  amount  of  allyl  iso-thiocyanate 
present  in  the  oil  can  be  approximately  estimated  by  heating 
a  known  quantity  with  an  alcoholic  solution  of  ammonia, 
when  allyl-thio-urea  is  formed.  There  are  several  methods 
of  determining  the  amount  of  thiocyanate  present.  Three 
grammes  of  the  oil  and  3  grammes  of  alcohol  are  shaken 
in  a  flask  with  6  grammes  of  a  10  per  cent,  solution  of 
ammonia.  It  should  become  clear  after  standing  for  a  few 
hours,  or  rapidly  if  warmed  to  50°  C,  and  deposit  crystals  of 
allyl-thio-urea  (thiosinamine) 

/H .  C3H5 
CS\NH2 

To  determine  the  quantity,  decant  the  mother  liquor  and 
evaporate  it  slowly  on  the  water  bath  in  a  tared  capsule, 
adding  fresh  portions  slowly  as  the  smell  of  ammonia  dis- 
appears.   Then  add  the  crystals  from  the  flask  to  those  in 
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the  capsule,  rinsing  the  flask  with  a  little  alcohol,  and  heat 
the  capsule  on  the  water  bath  to  a  constant  weight.  Three 
grammes  of  oil  should  yield  between  3'25  and  3-5  grammes 
of  thiosinamine,  which  should  melt  at  70°  to  74°.  116  parts  of 
thiosinamine  correspond  to  99  parts  of  allyl  iso-thiocyanate. 
Gadamer  (Arch.  Pharm.,  1899,  pp.  110,  237)  recommends 
the  following  process.  The  mustard  oil  is  dissolved  in  alcohol 
to  form  an  exactly  2  per  cent,  solution.  Five  c.c.  (4'2  grammes) 
of  this  solution  are  allowed  to  remain  with  25  c.c.  of  decinormal 
solution  of  silver  nitrate  and  5  c.c.  of  ammonia  for  24  hours 
in  a  well-stoppered  50  c.c.  flask.  It  is  then  made  up  to  50 
c.c.  with  water  and  filtered  from  the  precipitated  silver 
sulphide ;  25  c.c.  of  the  filtrate  are  mixed  with  4  c.c.  of  nitric 
acid  and  a  few  drops  of  ferric  sulphate  solution,  and  titrated 
with  decinormal  ammonium  thiocyanate  solution,  until  the 
characteristic  red  colour  of  the  ferric  thiocyanate  appears. 
From  4*1  to  4-5  c.c.  of  the  solution  (corresponding  to  1*85  to 
2*0  per  cent,  of  allyl  thiocyanate  in  the  alcoholic  solution) 
should  be  required. 

Griitzner  converts  the  thiocyanate  into  thiosinamine,  which 
he  oxidises  with  hyperoxide  of  sodium,  and  weighs  the  re- 
sultant sulphuric  acid  as  barium-sulphate.  From  the  figures 
obtained  in  his  analyses,  Griitzner  concludes  that  a  mustard 
oil  containing  28 '60  per  cent,  of  sulphur  (equivalent  to  88'48 
per  cent,  of  iso-thiocyanate)  may  be  regarded  as  pure.  P. 
Eoeser  proposes  to  modify  Gadamer's  method  for  the  deter- 
mination of  the  sulphur  content  of  oil  of  mustard  so  as  to  de- 
termine the  excess  of  silver  nitrate  in  an  ammoniacal  solution, 
instead  of  an  acid  solution  according  to  Volhard's  method, 
as  is  usually  done.  According  to  this,  the  process  should  be 
as  follows.  When  the  conversion  of  the  thiosinamine  with 
silver  nitrate,  after  24  hours'  standing,  has  taken  place,  an 
excess  of  one-tenth  normal  solution  of  potassium  cyanide  is 
added  to  50  c.c.  of  the  clear  filtrate,  and  the  excess  of  potassium 
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cyanide  titrated  back  with  one-tenth  normal  solution  of  silver 
nitrate,  in  the  presence  of  a  few  drops  of  a  weak  arnmoniacal 
solution  (5  per  cent.)  of  potassium  iodide. 

Schimmel  &  Co.  prefer  the  following  method.  About  5 
grammes  of  a  solution  of  1  gramme  mustard  oil  in  49  grammes 
alcohol  are  mixed  in  a  measuring  flask  of  100  c.c.  capacity  with 
50  c.c.  decinormal  solution  of  silver  nitrate  and  10  c.c.  am- 
monia liquid  (d16o  0'960) ;  the  flask  is  then  closed,  and  with 
frequent  agitation  left  standing  for  24  hours  with  the  light 
excluded.  The  flask  is  then  placed  for  half  an  hour  in  water 
at  80°,  during  which  time  it  is  again  repeatedly  shaken,  then 
cooled  down  to  the  temperature  of  the  room,  filled  up  with 
water  to  the  mark,  shaken  up,  and  filtered.  Fifty  c.c.  of  the 
filtrate  are  titrated  with  one-tenth  normal  solution  of  am- 
monium sulphocyanide,  after  adding  6  c.c.  nitric  acid  (dl6° 
1*153)  and  a  small  quantity  of  solution  of  iron  alum,  until  a 
change  of  colour  from  white  to  red  takes  place.  In  order  to 
ascertain  the  whole  quantity  of  silver  solution  which  has 
entered  into  reaction,  the  number  of  c.c.  of  ammonium  sulpho- 
cyanide solution  used  up  is  doubled,  and  the  product  sub- 
tracted from  50.  The  percentage  of  allyl  isothiocyanate  in  the 
mustard  oil  is  obtained  by  means  of  the  following  formula :  

%CSNC3H5  =  a  24-7875 
b 

a  =  number  of  c.c.  of  decinormal  solution  of  silver  nitrate 
used  up,  6  =  spirit  of  mustard  used,  in  grammes.  Mustard 
oil  determinations  carried  out  by  them  in  the  manner  de- 
scribed, showed  in  the  case  of  natural  oil  a  content  of  about 
94  per  cent,  allyl  isothiocyanate,  whilst  in  artificial  oil  about 
98  per  cent,  was  determined. 

White  mustard  seeds,  from  Sinapis  alba,  contain  the 
glucoside  sinalbin,  C30H44N2S2O16,  which  on  decomposition  in 
the  same  manner  as  the  glucoside  of  black  mustard  yields 
glucose,  sinapine  sulphate,  and  the  evil-smelling  oil,  acrimyl- 
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thiocarbimide  (p-hydroxy-benzyl-iso-thiocyanate).  The  re- 
action takes  place  as  follows  : — 

C30H24N2S2016  =  CoH1206  +  C16H23N05  .  H2S04  +  C7H.O  .  NCS. 

Acrimyl  iso-thiocyanate,  or  "  white  mustard  oil,"  is  a  yellowish 

oily  liquid,  of  pungent  odour  and  unpleasant  hot  taste.    It  is 

prepared  synthetically  by  treating  p-hydroxy-benzylamine 

with  carbon  disulphide,  and  the  resulting  compound  with 

mercuric  chloride. 

Cochlearia  Oil. — Cochlearia  or  spoonwort  oil  is  distilled 

from  the  fresh-flowering  plant  Cochlearia  officinalis  (scurvy 

grass),  which  yields  a  very  small  quantity  of  the  essential  oil. 

The  specific  gravity  of  the  oil  is  about  "930  to  "950,  and  it  is 

dextro-rotary  to  the  extent  of  +  50°  or  thereabouts.  Hofmann 

showed  many  years  ago  that  the  principal  constituent  was 

secondary  butyl-iso-thiocyanate,  of  the  formula — 

,C2Ha 
CS  .  NCH^ 

Gadamer  (Arch.  Pharm.,  1899,  p.  237)  has  shown  that  if 
the  dried  plant  without  flowers  is  cut  up,  and  some  white 
mustard  flower  is  added,  the  yield  of  oil  is  much  increased. 
From  28  kilos  of  the  dried  plant,  which  is  known  as  scurvy 
grass,  66  grammes  of  essential  oil  were  obtained.  The  oil 
boiled  at  150°  to  162°,  and  the  bulk  of  the  oil  was  found  to 
be  secondary  butyl-iso-thiocyanate.  The  amount  of  iso-thio- 
cyanate was  estimated  by  dissolving  a  weighed  quantity  of 
the  oil  in  alcohol,  adding  excess  of  decinormal  solution  of 
silver  nitrate,  allowing  the  whole  to  remain  for  24  hours  in  a 
well-stoppered  bottle,  filtering  from  the  precipitated  silver 
sulphide,  and  titrating  the  excess  of  silver  with  ammonium 
thiocyanate  solution.  The  fractions  of  the  oil  of  higher 
boiling  point  (156°  to  162°)  had  a  lower  specific  gravity  and 
higher  optical  rotation  than  the  earlier  fractions.  They 
possibly  contained  a  little  limonene. 

In  order  to  determine  the  purity  of  the  oil  a  quantity  may 
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be  heated  on  the  water  bath  with  10  per  cent,  of  its  weight 
of  ammonia  for  a  few  hours  under  a  condenser,  and  the  liquid 
evaporated  to  dryness.  The  mass  is  then  extracted  with 
alcohol  and  the  liquid  filtered  and  evaporated  on  a  watch 
glass ;  the  resulting  crystals  of  crude  secondary  butyl-thio- 
urea  melt  at  125°  to  135°.  Pure  secondary  butyl-thio-urea 
melts  at  136°  to  137°.  An  artificial  cochlearia  oil  exists,  but 
appears  to  consist  of  iso-butyl-iso-thiocyanate.  The  crystalline 
thiocarbimide  yielded  by  this  melts  at  93'5°.  The  usual 
adulterants  can  be  thus  detected,  as  the  thiocarbimides  (thio- 
ureas) formed  from  them  melt  at  the  following  temperatures  : — 

Allyl  (mustard  oil)    .       .       .       .  72°  to  74° 

Normal  butyl   79° 

Iso-butyl   93-5° 

Tertiary  butyl   165° 

Horseradish  Oil. — The  oil  of  Cochlearia  Armoracia, 
which  is  yielded  in  very  small  quantity,  contains  allyl  iso- 
thiocyanate  (mustard  oil).    Its  specific  gravity  is  l'OlO. 

N.  0.  ClSTINEiE. 

Ladanum  Oil. —  Messrs.  Schimmel  &  Co.  distilled  a  parcel 
of  old  ladanum  resin,  the  product  of  Cistus  creticus,  and 
obtained  therefrom  '9  per  cent,  of  essential  oil.  Cistus 
creticus  is  the  Cretan  rock  rose,  a  native  of  rocky  ground  in 
Macedonia,  Thrace,  Greece  and  the  islands  of  Crete,  Ehodes, 
Sicily  and  Cyprus.  Its  botanical  relationships  are  hardly 
decided,  as  it  is  regarded  by  some  as  being  merely  a  variety 
of  Cistus  villosus  (Linn.).  In  Cyprus  the  ladanum  (labdanum) 
is  chiefly  collected  by  the  shepherds  from  the  fleeces  of  the 
sheep,  who  unconsciously  collect  it  from  the  plants  whilst 
pasturing,  the  leaves  becoming  very  viscid  with  the  secretion. 
The  oil  obtained  by  Schimmel  &  Co.  had  a  specific  gravity 
1  -Oil  and  had  a  fine  ambergris  odour ;  after  keeping  for  a  few 
months,  crystals  to  the  extent  of  25  per  cent,  were  deposited, 
which  have  not  been  thoroughly  examined.    This  oil  appears 
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to  have  been  known  in  the  sixteenth  century,  as  a  reference 
is  made  to  it  in  the  Gross  Destillirbuch  by  Eyff,  published 
in  1542.  An  oil  has  also  been  distilled  from  the  leaves  of 
Cistus  ladaniferus,  an  allied  plant,  probably  a  native  of 
Portugal,  but  very  common  in  Spain.  It  has  a  specific 
gravity  "925. 

N.  0.  Magnoliace^. 

Champaca  Oil. — The  so-called  champaca  wood  oil,  com- 
monly known  as  guaiacum  wood  oil,  must  not  be  confused 
with  the  true  champaca  oil.  The  first-named  is  the  product 
of  an  entirely  different  plant.  The  true  champaca  oil  is 
distilled  from  the  flowers  of  Michelia  Champaca,  a  plant 
cultivated,  and  also  growing  wild,  in  the  forests  of  the 
Himalayas,  from  Nipal  and  Kumaon  eastwards  ;  and  also 
in  the  Nilghiris  and  Travancore,  Java  and  the  Philippines. 
The  flowers,  which  are  of  an  exquisite  odour,  are  not  unlike  a 
double  narcissus;  The  essential  oil  distilled  from  the  flowers 
is  known  in  India  as  Pand  or  Champa-Jca-utter.  The  oil  is 
known  as  Yellow  Champaca,  whilst  that  from  Michelia 
longifolia  is  known  as  White  Champaca.  Both  oils  contain 
benzoic  acid.  A  sample  of  the  former  distilled  in  Java 
(yellow  champaca  oil)  was  a  pale  yellow  oil  of  thin  consistency, 
resembling,  in  a  degree,  oil  of  orris  in  odour.  It  had  a  specific 
gravity  '914,  and  an  optical  rotation  -  13°  14'.  An  oil  of 
white  champaca  from  the  same  source  was  found  to  have  a 
specific  gravity  "883  and  an  optical  rotation  -  12°  50'.  Its 
odour  recalled  that  of  basil.  According  to  older  statements 
by  Schimmel  &  Co.,  the  specific  gravity  of  the  oil  from 
Michelia  champaca  varies  from  '907  to  '940  and  the  optical 
rotation  from  -  12°  18'  to  -  55°.  The  saponification  value 
is  about  77°. 

The  properties  of  the  oil  according  to  their  more  recent 
statements  are  dv°  0-8861 ;  a  -  11°  10' ;  acid  number,  10-0 ; 
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ester  number,  21*6 ;  ester  number  after  acetylation,  1501 ; 
soluble  in  2  vol.  70  per  cent,  alcohol ;  when  4  vol.  and  more 
are  added,  strong  turbidity ;  soluble  in  1  vol.*  and  more  80 
per  cent,  alcohol,  when  more  than  7  vol.  are  added,  opales- 
cence (separation  of  paraffin).  The  oil  has  a  bright  brown 
colour  and  shows,  especially  in  alcoholic  solution,  a  very 
feeble  bluish  fluorescence,  which  may  possibly  be  due  to  the 
presence  of  anthranilic  acid  ester.  Of  alcohols,  linalol 
appears  to  be  present  in  the  oil,  but  owing  to  the  small 
quantities  of  oil  at  their  disposal,  they  were  unable  to 
obtain  an  exact  proof  of  this. 

Winter's  Bark  Oil  —  The  bark  of  Drimys  Winteri  yields 
between  '5  and  1  per  cent,  of  this  oil.  This  plant  was 
originally  discovered  by  Captain  Winter  in  the  Straits  of 
Magellan,  and  is  now  found  in  various  countries  from  Mexico 
to  Cape  Horn.  The  oil,  which  has  been  examined  by  Avata 
and  Canzoneri,  has  a  specific  gravity  of  about  -945.  It  con- 
sists of  a  mixture  of  several  bodies  from  which  these  chemists 
state  that  they  have  isolated  a  sesquiterpene.  It  distilled 
between  260°  and  265°  and  had  a  specific  gravity  *9344 
and  a  rotary  power  [a]d=  +  11°  2'.  They  term  this  body 
winterene,  but  its  chemical  identity  cannot  be  regarded  as 
settled. 

Para-coto  bark  yields  1-5  per  cent,  of  essential  oil.  By 
some  this  bark  has  been  credited  to  Drimys  Winteri,  but 
its  botanical  origin  is  not  definitely  known.  According  to 
Wallach  and  Eeindroff,  the  oil  contains  the  sesquiterpene 
cadinene,  and  also  methyl  eugenol.  It  has  a  specific  gravity 
of  about  102  and  a  rotation  of  +  5°  40'.  It  is  completely 
soluble  in  5  volumes  of  70  per  cent,  alcohol. 

N.  O.  Resedace^i. 

Mignonette  Oil.— The  fresh  flowers  of  the  mignonette, 
Reseda  odorata,  yield  traces,  about  -002  per  cent.,  of  ai? 
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essential  oil  of  exceedingly  powerful  odour.  This  oil  is 
semi-solid  at  ordinary  temperatures,  and  its  chemistry  is  not 
understood,  as  the  oil  is  in  itself  so  very  rare.  Indeed,  com- 
mercially, an  ordinary  floral  extract  is  generally  used  in  pre- 
ference to  any  direct  preparation  of  the  oil.  The  fresh 
roots  of  this  plant  yield  from  "01  to  "04  per  cent,  of  an  un- 
pleasantly smelling  oil  recalling  the  odour  of  radishes.  This 
oil  contains  phenyl-ethyl-thiocarbimide,  C2H4(C6H5)NSC,  and 
is  a  liquid  of  specific  gravity  l'Ol  to  T09  and  optical  rotation 
about  +  1°  to  +  2°. 

N.  0.  TUBNERACEiE . 

Damiana  Oil. — The  leaves  of  various  species  of  Turnera 
(chiefly  Turnera  diffusa  and  Turnera  aphrodisiaca)  yield 
about  1  per  cent,  of  oil  on  distillation.  This  has  a  specific 
gravity  "940  to  '990,  and  an  optical  rotation  of  -  23°  to  -  25°. 
It  contains  a  considerable  amount  of  esters,  requiring  between 
4  and  5  per  cent,  of  KOH  to  saponify  it,  and  deposits,  when 
cooled,  a  crystalline  body,  which  is  probably  a  paraffin  hydro- 
carbon.   The  oil  finds  no  employment. 

N.  O.  Clusiace^;. 
Ganella-bark  Oil. — The  bark  of  Oanella  alba  yields  from 
f  to  1  per  cent,  of  essential  oil.  In  the  drug  trade  this  bark 
is  known  frequently  as  "  wild  cinnamon,"  and  is  found  in 
the  south  of  Florida,  the  Bahamas,  Cuba,  Jamaica,  Mar- 
tinique, Barbadoes,  etc.  The  whole  tree  is  very  aromatic, 
especially  the  flowers,  which  perfume  the  neighbourhood  for 
a  considerable  distance,  although  they  seldom  open.  The 
bark  is  brought  to  Europe  in  the  form  of  long  quills,  rather 
thicker  than  those  of  cinnamon.  The  taste  of  the  bark 
somewhat  resembles  a  mixture  of  cloves  and  cinnamon, 
being  hot,  bitter  and  aromatic.  Meyer  and  Keiche  investi- 
gated the  oil,  of  which  they  obtained  '94  per  cent,  from  the 
bark,  so  long  ago  as  1843,  and  stated  that  they  isolated  four 
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distinct  bodies  from  it.  The  first  was  eugenol,  the  second 
was  described  as  being  closely  allied  to  the  principal  con- 
stituent of  oil  of  cajuput,  and  the  other  two  were  not  closely 
investigated.  Fliickiger  and  Hanbury  obtained  74  per 
cent,  of  oil  from  the  bark,  and  stated  that  it  consisted  of  two 
parts  of  an  oxygenated  body  mixed  with  one  part  of  a 
hydrocarbon  resembling  a  mixture  of  mint  and  cajuput  oils. 
Eugenol,  however,  remained  as  the  only  well-defined  body 
yet  ascertained  as  a  constituent  of  the  oil,  till  1890,  when 
Schimmel  &  Co.  showed  that  the  body  referred  to  by  Meyer 
and  Eeiche  as  resembling  the  principal  constituent  of  cajuput 
oil  was  actually  identical  with  this,  being  the  now  well- 
known  cineol.  Williams  (Pharm.  Rundschau,  1894,  p.  183) 
has  later  examined  the  oil,  and  has  identified  pinene  and 
caryophyllene  in  it.  The  specific  gravity  of  the  oil  ranges 
from  -920  to  '935  and  the  optical  rotation  from  +  1°  to  +  3°. 

N.   0.  DlPTEROCARPEiE. 

Gurjun  Balsam  Oil. — The  so-called  wood  oil  or  gurjun 
balsam  is  the  product  of  several  species  of  Dipterocarpus. 
This  body  is  an  oleoresin,  and  is  used  to  some  extent  for 
adulterating  balsam  of  copaiba.  On  distillation  with  water 
the  oleoresin  yields  from  40  to  70  per  cent,  of  a  volatile  oil 
of  specific  gravity  -915  to  -930  and  optical  rotation  -  35°  to 
-  106Q.  It  contains  a  sesquiterpene  (cadinene  ?),  but  its 
chemistry  is  not  well  understood,  and  requires  investigation. 
It  yields  a  characteristic  colour  reaction  which  aids  its  detec- 
tion when  added  to  copaiba  oil  (q.v.). 

N.  O.  Teenstrosmiace^. 
Tea  Oil.—  According  to  Mtiller,  the  leaves  of  the  tea  plant 
yield  from  "6  to  1  per  cent,  of  essential  oil.  There  seems 
little  doubt  but  that  such  a  large  quantity  as  this  must 
have  been  obtained  from  tea  artificially  scented,  but  Dr.  Van 
Bomburgh  has  obtained  about  '006  per  cent,  from  genuine 
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tea,  and  found  that  the  chief  product  of  distillation  of  the 
leaves  was  methyl  alcohol.  Schimmel  &  Co.  have  examined 
samples  obtained  from  partly  fermented  leaves,  and  suggest 
that  the  oil  may  be  the  result  of  the  fermentation  process. 
Two  oils  had  the  specific  gravities  "866  and  "8557,  and  were 
only  very  faintly  optically  active.  The  principal  constituent 
was  found  to  be  methyl  alcohol,  with  possibly  a  little  acetone 
(which  were  recovered  from  the  watery  liquid,  not  forming  a 
portion  of  the  oil  proper).  In  the  oil,  methyl  salicylate  and  a 
body  of  the  formula  C6H120,  which  appeared  to  be  of  an 
alcoholic  nature,  were  detected.  At  all  events,  the  latter  body 
yielded  compounds  with  acetic  and  benzoic  acids. 

N.  0.  Malvaceae. 

Musk  Seed  Oil. — The  seeds  of  Hibiscus  abelmoschus 
yield  from  '1  to  '3  per  cent,  of  essential  oil  of  fine  odour, 
known  as  oil  of  ambrette,  or  musk  seed  oil,  having  a  specific 
gravity  '900  to  '905,  and  an  optical  rotation  of  0°  to  +  1°  30'. 
It  is  semi-solid  at  ordinary  temperatures,  and  probably  con- 
tains some  palmitic  acid.  A  sample  of  Java  distilled  oil,  how- 
ever, was  liquid  at  ordinary  temperatures,  and  a  French  oil 
of  specific  gravity  '908  did  not  solidify  at  -  10°.  This  oil 
requires  investigation.  The  saponification  number  is  from 
180  to  200. 

N.  O.  Banunculace^i. 

Nigella  Oil. — The  seeds  of  Nigella  damascena  yield  5 
per  cent,  of  essential  oil  of  specific  gravity  '895  to  "906.  This 
oil  is  fluorescent,  and  has  an  odour  resembling  strawberries. 
The  fluorescence  is  due  to  a  basic  substance  termed  damas- 
cening C9HnN03.  It  melts  at  26°.  Schimmel  &  Co.  have  also 
distilled  an  oil  from  the  seeds  of  Nigella  sativa,  which  yielded 
'46  per  cent,  of  a  non-fluorescent  oil,  of  specific  gravity  '875,. 
and  rotation  +  1°  26'.   It  distilled  between  170°  and  260°  and 
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had  an  unpleasant  odour,  not  at  all  resembling  that  from 
Nigella  damascena. 

N.  0.  Anonace^e. 

Oil  of  Gananga. — Oil  of  Cananga  or  Ylang-Ylang  oil 
("flower  of  flowers")  is  the  product  of  distillation  of  the 
flowers  of  Gananga  odorata,  a  native  of  Ava  and  Tenasserim, 
and  generally  distributed  and  cultivated  throughout  Southern 
Asia.  When  wild,  the  tree  grows  to  its  maximum  height, 
but  its  flowers  are  said  to  be  almost  odourless.  The  culti- 
vation of  the  plant  reaches  its  highest  degree  of  perfection  in 
the  Philippine  Islands,  and  the  best  variety  of  the  oil  is  dis- 
tilled in  Manila,  where  the  industry  is  carried  on  in  a 
scientific  manner.  A  large  quantity  of  oil  also  comes  from 
Java  and  the  neighbourhood,  but  the  oil  is  not  nearly  of  so 
fine  an  odour  as  that  from  the  East  Indies.  How  far  this  is 
due  to  climatic  conditions,  and  how  far  to  the  less  scientific 
methods  used  in  the  distillation  of  the  oil,  it  is  difficult  to  say. 
There  appears  to  be  very  little  doubt  but  that  the  tree  is  the 
same  in  both  cases. 

Genuine  Ylang-Ylang  oil  has  a  specific  gravity  of  "930  to 
•950  (East  Indian)  or  '910  to  "940  (Cananga).  The  optical 
rotation  is  -  38°  to  -  45°  (East  Indian),  and  -  17°  to  -  55° 
(Cananga).  The  oil  is  soluble  in  from  \  to  2  volumes  of  95  per 
cent,  alcohol,  and  becomes  turbid  on  further  addition  of  alcohol, 
but  without  the  deposition  of  oily  globules.  On  steam  dis- 
tillation, a  residue  of  about  5  per  cent,  is  left,  so  that  anything 
in  excess  of  this  figure  will  probably  be  a  fatty  oil — a  common 
adulterant  of  Ylang-Ylang  oil.  The  ester  value  lies  between 
10  and  40  ;  higher  numbers  indicate  the  presence  of  a  fatty  oil. 
The  decreased  solubility  in  alcohol  will  also  indicate  the 
presence  of  this  adulterant.  The  earliest  investigation  of 
this  oil  was  that  of  Gal  (Comptes  Rendus,  1873,  16th  June), 
who  showed  the  presence  of  benzoic  acid  in  the  form  of  esters. 
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Convert  (Arch,  clu  Pharm.,  1881,  p.  218)  confirmed  the 
presence  of  benzoic  esters,  and  also  detected  acetic  acid  in  the 
form  of  esters  in  the  oil.  He  also  considered  it  probable  that 
there  was  a  small  quantity  of  either  an  aldehyde  or  ketone 
present.  Eeychler  (Bull.  Soc.  Ghim.,  1894,  pp.  407,  583, 
1045)  has  since  shown  that  linalol  and  possibly  geraniol  exist, 
together  with  the  sesquiterpene  cadinene.  Pinene,  p-cresol 
methyl  ether,  and  a  crystalline  solid  melting  at  138°,  prob- 
ably a  sesquiterpene  alcohol,  have  also  been  shown  to  be 
present.  So  that  the  following  bodies,  in  addition  to  others 
not  yet  identified,  have  been  found  in  the  oil.  Pinene,  linalol, 
geraniol,  benzoic  and  acetic  esters,  cadinene,  p-cresol  methyl 
ether,  and  the  crystalline  body  above  referred  to.  Eugenol 
has  been  found  in  Cananga  oil  and  iso-eugenol  in  Ylang-Ylang 
oil.  Probably  other  compounds  have  been  identified,  as  a 
synthetic  oil  closely  resembling  the  natural  oil  is  on  the 
market,  but  the  discoverers  prefer  to  keep  their  work  unpub- 
lished. East  Indian  oil  appears  to  have  more  low-boiling 
constituents  and  esters,  but  less  sesquiterpene  than  the  Java 
oil. 

This  oil  finds  a  very  extensive  use  in  fine  perfumery  and 
is  somewhat  expensive — the  East  Indian  product  especially. 
An  exact  examination  of  both  varieties  of  the  oil  is  greatly 
needed. 

For  a  useful  summary  of  the  botanical  relationships  of 
this  plant,  the  reader  is  referred  to  Sawyer's  Odorographia. 


CHAPTEB  VI. 

THE  CHEMISTRY  OP  ARTIFICIAL  PERFUMES. 

The  present  chapter  is  not  intended  to  deal  at  large  with 
natural  perfumes  such  as  civet,  musk,  ambergris,  etc.  This 
subject  is  more  properly  treated  in  works  on  materia  medica 
and  botany,  and  the  present  chapter  will  be  devoted  to  a  purely 
chemical  account  of  a  few  well-defined  active  principles  of 
•certain  natural  perfumes  other  than  essential  oils,  together 
with  a  description  of  the  more  important  synthetic  and  arti- 
ficial perfumes.  It  is  here  necessary  to  draw  attention  to  the 
fact  that  by  far  the  larger  proportion  of  artificial  perfumes 
which  are  quoted  in  price  lists  are  merely  skilful  mixtures  of 
a  few  well-defined  bodies.  The  following  bodies  comprise  the 
more  important  well-defined  artificial  perfumes,  some  of  which 
have  necessarily  received  mention  in  Chapter  V.1 

Vanillin. — This  body  is  the  active  odorous  ingredient  of 
the  vanilla  pod,  in  which  it  occurs  to  the  extent  of  about  2 
per  cent.,  appearing  on  the  surface  of  the  bean  as  a  fine  white 
crystalline  efflorescence.  It  occurs  naturally  also  in  Sumatra 
benzoin  (about  1  per  cent.),  Siam  benzoin  (-15  per  cent.),  and 
the  balsams  of  Tolu  and  Peru  (traces).  Numerous  other 
bodies  have  been  recorded  as  containing  it,  such  as :  Asafcetida 
{Schmidt,  Arch.  'Pharm.  [3],  xxiv.,  p.  534) ;  beetroot  and 
asparagus  (Lippmann,  Berichte,  xviii.,  p.  3335) ;  the  seeds  of 
Lupinus  alius  (Campani,  Chem.  Centr.,  1888,  p.  377) ;  the 

1  The  author  is  much  indebted  to  Dr.  Philippe  Chuit,  of  Messrs.  Chuit, 
Naef  &  Co.,  of  Geneva,  for  a  liberal  supply  of  synthetic  perfumes. 
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seeds  of  Rosa  canina  (Schneegans,  Jour.  Pharm.,  1890, 
p.  97),  etc.,  etc. 

It  was  first  artificially  prepared  by  Tiemann  from  the 
glucoside  coniferin,  which  occurs  in  the  cambium  of  various 
coniferous  woods.  The  constitution  of  vanillin  is  that  of 
methyl  protocatechuic  aldehyde  C6H3(COH)1(OCH3)3(OH)4, 
and  coniferin  C16H2208  +  2H20,  which  is  a  glucoside  melting  at 
185°,  was  the  substance  which  Tiemann  first  used  for  pre- 
paring vanillin  from,  and  for  whose  process  Haarmann  and 
Eeimer  took  out  a  patent.  Coniferin  was  decomposed,  either 
by  emulsin  or  by  boiling  with  dilute  acids,  into  glucose 
and  coniferyl  alcohol  C6H3(OH)(OCH3)C3H4OH,  and  this 
body  on  oxidation  yields  vanillin ;  or  the  oxidation  may  take 
place  first  and  the  hydrolysis  afterwards.  The  process  then 
consisted  of  the  following  reactions.  When  coniferin  is 
oxidised  with  an  aqueous  solution  of  chromic  acid  it  is. 
converted  into  gluco-vanillin  C6H3(O.CH3)(O.C6Hu05)(CHO), 
the  glucoside  of  vanillin,  a  crystalline  body  melting  at  170°. 
For  this  purpose  a  solution  of  10  parts  of  coniferin  in  200 
parts  of  water  is  treated  at  the  ordinary  temperature  with  a 
solution  of  8  parts  of  chromic  acid  dissolved  in  a  small 
quantity  of  water,  and  the  mixture  allowed  to  stand  for 
several  days.  Barium  carbonate  is  then  added  to  precipitate 
the  chromium.  The  solution  is  evaporated  to  a  small  bulk, 
treated  with  alcohol  and  filtered.  The  filtrate  on  evaporation 
yields  crystals  of  gluco-vanillin,  melting  at  170°.  On  treating 
this  body  with  the  ferment  emulsin,  or  by  boiling  it  with 
dilute  mineral  acids,  it  is  decomposed  into  glucose  and 
vanillin.  The  latter  may  be  extracted  with  ether.  This 
process,  however,  has  only  an  historical  interest  to-day. 

The  most  important  method,  however,  by  which  vanillin 
is  now  prepared  is  by  the  oxidation  of  eugenol,  the  chief 
constituent  of  oil  of  cloves.  This  process  proved  the  subject- 
matter  of  a  patent  taken  out  in  England  in  1876  by  Tiemann, 
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and  an  almost  simultaneous  one  in  France  by  De  Laire.  The^ 
eugenol  was  instructed  to  be  separated  by  diluting  the  oil 
with  three  times  its  volume  of  ether  and  agitating  the  ethereal 
solution  with  a  dilute  solution  of  potash  or  soda.  The  aqueous 
liquid  is  separated  and  acidified,  and  the  eugenol  separated  by 
extraction  with  ether.  The  eugenol  is  first  acetylated  by 
means  of  acetic  anhydride,  and  the  resulting  acet-eugenol  is 
dissolved  in  acetic  acid  and  oxidised  with  permanganate  of 
potassium.  The  liquid  is  then  filtered,  and  rendered  alka- 
line, and  the  whole  is  then  evaporated,  and  the  residue  treated 
with  moderately  dilute  acid,  and  extracted  with  ether.  Tbe- 
ethereal  solution  is  extracted  with  a  solution  of  sodium 
bisulphite,  which  combines  with  the  vanillin.  The  double 
sulphite  compound  is  decomposed  with  dilute  sulphuric  acid, 
and  the  vanillin  is  extracted  with  ether,  from  which  solvent 
it  is  obtained  in  fine  white  crystals. 

The  best  yield,  however,  is  obtained  by  first  converting  the' 
eugenol  into  iso-eugenol  OH  .  OCH3 .  C6H3 .  CH  :  CH .  CH3  by 
treating  it  with  solution  of  potassium  hydrate.  The  acety- 
lation  product  is  oxidised,  by  which  acetyl-vanillin  is  chiefly 
formed,  which  yields  vanillin  by  splitting  off  the  acetyl  group. 

Vanillin  is  also  obtained  by  starting  from  meta-amido- 
benzaldehyde,  which  is  converted  into  its  diazo  compound,, 
which  yields  meta-oxy-benzaldehyde  on  treatment  with 
water.    These  reactions  may  be  represented  as  follows : — 

/NH/'  N2 .  N03 

CGH4(  +  NOHO  +  HN03  =  C(1H4<  +  2ELO 

xCOIP>  XCOH 

Meta-amido-benzaldchydc.  Diazo  nitrate. 

>N2 .  N03  /OH0' 
C,H4<  +  H20  =  C0H4<  +  N,  +  HN03 

NCOH  xCOH<5) 

Meta-oxybeuzaldehyde. 

The  metfa-oxybenzaldehyde  is  then  nitrated  and  methylated,, 
by  which  means  para  -  nitroraeta  -  methoxy  -  benzaldehyde- 
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■CaH3 .  N02w  .  OCH3<a> .  COH*1)  is  formed.  By  reduction  this 
is  altered  to  the  corresponding  amido-aldehyde,  which  is  again 
•diazotised  and  the  amido-group  replaced  by  hydroxyl  in  the 
usual  way,  when  para-oxywieta-methoxy-benzaldehyde  re- 
sults, which  iff,  of  course,  identical  with  vanillin,  or  proto- 
■catechuic  aldehyde  methyl  ether,  V6H3 .  COH1 .  OCH33 .  OH4. 
Another  complicated  method,  which  is  the  subject  of  a 
patent,  is  to  nitrate  meto-methoxy-cinnamic  acid  methyl 
■ester,  by  which  means  the  corresponding  raeta-methoxy- 
_pam-nitro-cinnarnic  methyl  ester  is  formed.  This  body 
■CoHg.OCHs^.NO^^.CCaH^O^H^Wis  hydrolysed  and  the  free 
acid  is  converted  into  its  ammonium  salt,  which  is  dissolved  in 
water  and  reduced  to  the  corresponding  meta-methoxy-para- 
amido-cinnamic  acid.  This  is  diazotised  in  the  usual  way, 
and  the  amido-group  is  replaced  by  hydroxyl,  by  which  means 
an  acid  termed  ferulic  acid  is  formed.  This  is  meto-methoxy- 
jjara-oxycinnamic  acid  C6H3(OCH3)OH .  (C2H2COOH).  This 
acid  is  oxidised  (best  as  an  acetyl  compound)  with  potassium 
permanganate,  and  thus  converted  into  vanillin.  The  two 
methods  last  described,  viz.,  those  starting  from  meta-oxy- 
benzaldehyde  and  methoxycinnamic  acid  are  only  of  theo- 
retical interest. 

Vanillin  is  also  produced  in  several  ways  from  guaiacol. 
A  recent  patent  (D.E.P.  189,  307— German  patent)  for  this  is 
as  follows.  Guaiacol  is  treated  with  hydrocyanic  acid  in  the 
presence  of  hydrochloric  acid  and  zinc  chloride.  The  reaction 
mass,  after  forty-eight  hours,  is  treated  with  hot  water  and 
filtered ;  the  unaltered  guaiacol  is  removed  by  extracting  the 
vanillin  from  ethereal  solution  by  means  of  sodium  bisulphite 
and  recovering  it  in  the  usual  manner.  Care  must  be  taken 
to  remove  all  traces  of  guaiacol,  as  the  slightest  taint  with 
this  phenol  entirely  spoils  the  odour  and  flavour  of  the  vanillin. 

There  are  other  methods  of  obtaining  vanillin  synthetic- 
ally, but  for  fuller  details  the  reader  is  referred  to  the  various 
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patent  specifications  of  the  German  Patent  Office  (D.E.P. 
63,007,  63,027,  72,600,  37,075,  33,229). 

Vanillin  forms  fine  white  needles  melting  at  81°  to  82° 
and  possessing  an  intense  vanilla  odour.    Some  of  the  cheaper 
commercial  samples  are  heavily  adulterated  with  the  quite 
odourless  compound,  acetanilide.    The  effect  of  this  body- 
is  to  lower  the  melting  point  even  if  present  in  large  quantity, 
but  it  is  very  easily  detected,  as  by  boiling  with  solution 
of  potash,  aniline  is  formed,  which  is  easily  detected  by  any 
of  the  usual  reactions.    A  quantitative  separation  may  be 
effected  as  follows.    The  substance  is  dissolved  in  ether  and 
the  liquid  repeatedly  shaken  with  concentrated  solution  of 
sodium  bisulphite.    The  vanillin  is  thus  extracted,  and  the 
ether,  after  being  washed  twice  with  water,  is  allowed  to 
evaporate,  when  the  acetanilide  remains.    This  will  then  be 
found  to  have  a  melting  point  close  to  113°.    Benzoic  acid 
and  coumarin  are  also  occasional  adulterants  of  vanillin. 
A  little  isovanillin   C6H3(CHO)1(OH)3(OCH3)4  is  occasion- 
ally present,  but  this  is  due  to  the  fact  that  it  is  generally 
formed  in  small  quantity  with  vanillin,  in  many  reactions. 
The  following  figures  are  of  great  interest  as  showing  the 
effect  of  improved  manufacturing  processes,  advances  in 
chemical  discovery,  and  the  opposition  of  rival  patentees. 
The  approximate  prices  of  vanillin  per  lb.  were  as  follows  in 
the  years  quoted  : — 


1876 

.  £160 

1888 

£16 

1877 

90 

1889 

16 

1878 

56 

1890 

16 

1879 

36 

1891 

15  10s. 

1880 

36  , 

1892 

15  10s. 

1881 

28 

1893 

15 

1882 

23 

1894 

15 

1883 

21 

1895 

13 

1884 

24 

1896 

13 

1885 

17  10s. 

1897 

2  18s. 

1886 

16 

1898 

2  12s. 

1887 

16 

1906 

18s. 

478 


ESSENTIAL  OILS. 


The  following  remarks  on  the  use  of  vanillin  are  from  one 
•of  Schimmel  &  Co.'s  reports  :  "  In  confectionery  and  chocolate 
factories,  etc.,  pure  crystalline  vanillin  can  be  most  advan- 
tageously used  in  the  form  of  a  2£  per  cent.  vaniUin  sugar, 
which  weight  for  weight  equals  in  aroma  the  best  vanilla, 
and  should  be  used  in  precisely  the  same  manner.    Take  of 
•crystallised  vanillin  25  gr.  (3  vi  gr.  xv),  dissolve  it  in  100  gr. 
<fl.  5  iv)  of  pure,  odourless  absolute  alcohol,  pour  this  solu- 
tion upon  975  gr.  (  =  2  lb.  2  oz.)  of  the  finest  sugar,  and 
mix  it  thoroughly  in  order  to  distribute  it  as  equally  as 
possible.    After  having  evaporated  the  alcohol  in  a  warm 
place,  and  when  the  sugar  has  become  thoroughly  dry,  it 
should  be  powdered  in  an  earthenware  mortar  and  sifted. 
It  is  then  ready  for  use,  and  may  be  kept  an  indefinite  time 
without  losing  aroma.    The  yellow  spots  which  occur  on  the 
sugar  after  drying  are  caused  by  the  vanillin. 

"  This  2|  per  cent,  vanillin  sugar  should  not  be  con- 
founded with  the  vanilla  sugar  generally  used  by  confec- 
tioners. In  order  to  prepare  the  latter  it  is  only  necessary 
to  add  to  pure  sugar  as  much  of  the  %\  per  cent,  vanillin 
sugar  as  would  otherwise  have  been  taken  of  the  finest 
vanilla.  / 

"  For  liqueur  making  crystallised  vanillin  is  best  used  in 
the  form  of  a  2|  per  cent,  vanillin  essence  which,  weight 
for  weight,  equals  the  best  vanilla  in  aroma,  and  is  used 
exactly  like  it. 

"  Take  of  crystallised  vanillin  25  gr.  (3  vi  gr.  xv),  dissolve 
it  in  490  gr.  (fl.  g  xx)  of  pure  absolute  alcohol,  and  add  485 
gr.  (fl.  g  xv)  of  distilled  water. 

"  The  vanilla  essence  generally  used  for  liqueur  making  is 
prepared  by  taking  for  that  purpose  as  much  of  the  2|  per 
cent,  vanilla  essence  as  would  otherwise  have  been  taken  of 
the  finest  vanilla. 

"For  100  litres  (22  gallons)  of  liqueur  5  grammes  (75  gr.) 
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of  vanillin,  or  200  gr.  (  =  fl.  §  vu)  of  2£  per  cent,  vanillin 
essence,  are  usually  employed." 

Goumarin  C9H602  is,  chemically,  the  S-lactone  of  cou- 
marinic  acid,  of  the  constitution — 


C6H4 


/ 
\ 


0 

C2H2' 


\ 


CO 


It  is  a  white  crystalline  solid,  melting  at  67°  and  distilling  at 
290°.  It  is  soluble  in  hot  water,  alcohol,  ether,  vaseline  and 
oils  in  general.  It  is  the  active  odorous  ingredient  of  the 
Tonquin  bean  (Tonca  or  Tonco  bean),  the  seeds  of  at  least 
two  species  of  Dipteryx  (N.  0.  Leguminosce)  in  which  it 
occurs  up  to  3  per  cent.  Coumarin  possesses  the  charac- 
teristic odour  of  the  Tonca  bean,  in  which  it  was  discovered 
in  1825  by  Boullay  (Jour,  de  Pharm.,  xi.,  p.  480).  It  also 
occurs  naturally  in  abundance  in  the  dried  leaves  of  Liatris 
■odoratissima  (deer's  tongue,  hound's  tongue),  an  herbaceous 
plant  common  in  North  Carolina,  1  lb.  of  leaves  yielding 
from  If  to  2£  drachms  of  coumarin.  It  has  also  been 
found  in  the  following  plants : — 


Angrcccum  fragrans 
Myroxylon  Pereirce 
Cevatopetalum  apetalum 
Ataxia  Horsfeldii 
Ginna  arundinacea 
Hierochloa  alpina 
„         aus  trails 
„  borealis 
Milium  effusum 
Adiantum  pedatum 
„  peruvianum 
„  trapeziforme 
Drynaria  Wildenovi 
Phcenix  dactylifera 
Aceras  WinthropJwra 
Nigrilella  angustifolia 
Orchis  fusca 


Hemiaria  glabra 
Rata  graveolens 
Alyxia  stellata 
Asperula  odorata 
Galium  trifolium 
Liatris  spicatd 
Prunus  Mahaleb 
Meliotus  officinalis 

,,  hamatus 

„  albus 

„  leucanthus 

„  altissimus 
Agcratum  mcxicanum 
Copaifera  Salikounda 
Trifolium  Melilotus 
Anthoxanthum  odoratum 
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Coumarin  was  first  produced  synthetically  by  Perkin 
(Ghem.  Soc.  Journ.,  xxi.,  pp.  53, 181).  He  made  it  by  heating 
salicylic  aldehyde  C6H4(OH)1(COH)2,  acetic  anhydride  and 
sodium  acetate.  The  whole  solidifies  to  a  crystalline  mass, 
from  which,  on  treatment  with  water,  an  oil  separates 
containing  coumarin  and  aceto-coumaric  acid.  This  acid  on 
heating  is  decomposed  into  acetic  acid  and  coumarin,  so  that 
the  product  of  distillation  is  principally  coumarin. 

Coumarin  is  sometimes  adulterated  with  acetanilide, 
which  should  always  be  looked  for ;  the  ease  with  which  it 
yields  aniline,  on  heating  with  potash  solution,  renders  it 
very  easy  of  detection.  Some  samples,  otherwise  pure, 
contain  traces  of  unaltered  salicylic  aldehyde,  which  is 
revealed  by  the  odour. 

Synthetic  coumarin  is  largely  used  in  the  place  of  Tonca 
beans,  and  forms  an  extremely  useful  substance  for  fixing 
other  odours.  Traces  of  fixed  oil  are  useful  in  coumarin 
mixtures,  as  the  coumarin  odour  appears  to  become  more 
fixed  in  this  way.  Foin  coupe,  or  new-mown  hay,  is  a 
favourite  perfume  in  which  coumarin  is  the  chief  ingredient. 
The  following  table  of  solubilities  of  coumarin  in  alcohol  of 
various  strengths  and  in  water  has  been  compiled  by 
Schimmel  &  Co. : — 


100  parts  of  Alcohol 

at  0°  C. 

at  16-17°  C. 

at  29-30o  C. 

Of  90  volume  per  cent.  ^ 
„  80 

70            »  * 
„  60            ,,  > 

50            „              V  o 

„  30            „  * 
„  20 

„  10            „  I 

7-l  parts 
6-0  „ 
4"4  „ 
3-2  „ 
1-7  „ 
0-7  „ 
0-3  „ 
0-2  „ 
0-15  „ 

13-7  parts 
12-3  „ 
9-1  „ 
6-0  „ 
3-4  „ 
1-5  „ 
0-6  „ 
0-4  „ 
0-25  „ 

42*5  parts 
38-3  „ 
26-0  „ 
16-0  „ 
8-9  „ 
3-9  „ 
1-7  „ 
0-8  „ 
0-5  „ 

100  parts  of  water 

0-12  „ 

0-18  „ 

0-27  „ 
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For  further  details  of  the  chemistry  of  cournarin  and  its 
allies,  the  reader  should  consult  any  advanced  text-book  of 
organic  chemistry. 

Heliotropin. — This  body,  also  known  as  piperonal,  is 
a  white  crystalline  compound  possessing  a  powerful  odour 
of  heliotrope.  It  is  the  methylene  ether  of  protocatechuic 
aldehyde,  of  the  constitution — 

/CHO(1> 

C6H,^-0<\ 

\  >CH2 

The  source  from  which  it  was  originally  made  is  the  base 
piperine  C17H19N03.  Ground  pepper,  preferably  white  Singa- 
pore pepper  (which  contains  up  to  9  per  cent,  of  the  alkaloid),  is 
mixed  with  slaked  lime  and  water,  and  the  whole  evaporated 
to  dryness  on  a  water  bath.  The  dry  mass  is  then  extracted 
with  ether,  which  deposits  the  piperine  on  evaporation  ;  or 
the  pepper  may  be  exhausted  with  alcohol,  and  the  alcohol 
recovered.  The  semi-solid  residue  is  mixed  with  potash 
solution,  and  the  insoluble  powder  left  is  washed  with  water 
and  recrystallised  from  alcohol,  when  the  piperine  is  obtained 
nearly  pure.  When  boiled  with  solution  of  caustic  potash 
in  alcohol,  the  base  is  converted  into  potassium  piperate, 
which  on  oxidation  with  potassium  permanganate  yields 
heliotropin.  The  heliotropin  of  commerce,  however,  is 
manufactured  by  the  oxidation  of  safrol.  This  body  (q.v.) 
and  its  isomer  isosafrol  yield  large  quantities  of  heliotropin 
on  oxidation  with  potassium  permanganate  or  chromic  acid. 

To  prepare  heliotropin  from  isosafrol  (which  results 
from  the  isomerisation  of  safrol  with  alkalies),  5  parts  of 
isosafrol  are  treated  with  a  solution  of  25  parts  of  potassium 
bichromate,  38  parts  of  concentrated  sulphuric  acid,  and  80 

parts  of  water.    The  reaction  product  is  steam  distilled  and 

31 
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the  distillate  is  extracted  with  ether,  and  the  heliotropin 
obtained  is  purified  by  means  of  alkaline  bisulphite  in  the 
usual  manner. 

Heliotropin  melts  at  37°,  but  its  perfume  is  injured  by 
exposure  to  a  temperature  several  degrees  below  this,  and  it 
should  always  be  stored  in  cool  dark  places.  In  very  hot 
weather  the  stock  may  with  advantage  be  kept  dissolved  in 
alcohol,  ready  for  use.  This  perfume  is  improved  by  blending 
it  with  a  little  coumarin  or  vanillin,  or  with  bergamot,  lemon 
or  neroli  oil.  Attention  should  be  drawn  to  the  fact  that  the 
fancy  perfumes  whose  names  resemble  heliotrope  are  usually 
mixtures  of  heliotropin — the  cheaper  ones  being  chiefly 
acetanilide,  the  more  expensive  ones  containing  vanillin  or 
coumarin. 

The  intelligent  perfumer,  however,  will  always  prefer  to 
use  the  pure  definite  compound,  heliotropin,  and  mix  it 
according  to  his  taste.  In  this,  as  in  the  case  of  many 
synthetic  perfumes,  fancy  names  are  merely  devices  by 
which  extra  profits  may  be  obtained. 

The  price  of  this  product  per  lb.  has  regularly  fallen 
since  it  was  introduced  into  commerce.  The  following  table 
shows  the  average  price  since  1880  : — 


Per  lb. 

Per  lb. 

1880 

£70 

1890 

£7 

1881 

47 

1891 

5  15s. 

1882 

31 

1892 

4  15s. 

1883 

21 

1893 

53s. 

1884 

21 

1894 

43s. 

1885 

14 

1895 

28s. 

1886 

12 

1896 

24s. 

1887 

11 

1897 

17s. 

1888 

8  10s. 

1898 

16s. 

1889 

8 

1906 

8s. 

Aubdpine,  or  Hawthorn— The  odour  of  May  blossom  is 
fairly  well  reproduced  by  anisic  aldehyde,  and  the  pure 
aldehyde  is  the  basis  of  all  hawthorn  perfumes,  the  various 
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fancy  preparations  being  preparations  of  this  compound. 
Chemically  anisic  aldehyde  is  the  methyl  ether  of  para- 
oxybenz-aldehyde,  of  the  constitution  C6H4(OCH3) 1  (CHO)4. 
It  can  be  prepared  from  phenol  by  a  series  of  reactions,  or 
more  easily  by  oxidising  aniseed  oil.  The  aldehyde  is  obtained 
by  gently  warming  the  oil  for  about  an  hour  with  three  times 
its  volume  of  nitric  acid  (specific  gravity  11),  and  separating 
the  heavy  oil  so  formed,  and  washing  it  with  potash  solution. 
The  crude  oil  is  agitated  with  a  warm  concentrated  solution 
of  sodium  bisulphite,  with  which  the  aldehyde  combines,  and 
the  resulting  crystalline  magma  is  washed  with  alcohol  and 
pressed  in  blotting  paper,  and  dissolved  in  warm  water. 
Excess  of  sodium  carbonate  is  added,  when  the  aldehyde  is 
liberated  and  floats  on  the  surface  of  the  liquid.  It  can  be 
further  purified  by  distillation.  When  pure,  anisic  aldehyde 
is  a  liquid  of  characteristic  hawthorn  odour,  of  specific 
gravity  1126  at  15°,  boiling  at  246°  to  248°,  and  solidifying 
to  a  crystalline  mass  when  cooled  to  a  low  temperature, 
melting  again  at  -  4°.  By  oxidation  in  the  air  it  is  easily 
changed  to  anisic  acid,  which  is  of  no  value  as  a  perfume,  so 
that  it  should  be  stored  in  well-filled  bottles.  It  is  a  very 
pleasant  perfume,  and  blends  exceptionally  well  with  oils  of 
the  Citrus  family,  such  as  orange  or  petit-grains. 

lonone.— In  1893,  after  many  years  of  patient  research, 
Tiemann  and  Kriiger  succeeded  in  artificially  preparing  the 
artificial  violet  perfume  which  they  termed  ionone.  The 
chemical  relationships  of  this  body  are  so  interesting  and  im- 
portant that  Tiemann's  work  is  here  abstracted  fairly  fully. 

The  characteristic  fragrance  of  the  violet  is  also  possessed 
to  a  considerable  extent  by  dried  orris  root  (iris  root),  and 
believing,  although  apparently  erroneously,  that  both  sub- 
stances owed  their  perfume  to  the  same  body,  Tiemann  and 
Kriiger  used  oil  of  orris  for  their  experiments,  instead  of  oil 
of  violets,  of  which  it  was  impossible  to  obtain  a  sufficient 
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quantity.  The  root  was  extracted  with  ether,  the  ether 
recovered,  and  the  residue  steam  distilled.  The  non-volatile 
portion  consists  chiefly  of  resin,  irigenin,  iridic  acid  and 
myristic  acid,  whilst  the  volatile  portion  consists  of  myristic 
acid  and  its  methyl  ester,  oleic  acid,  oleic  anhydride,  oleic 
esters,  and  the  characteristic  fragrant  body  which  they  termed 
irone.  Irone  has  the  formula  C13H20O,  and  is  an  oil  scarcely 
soluble  in  water,  readily  so  in  alcohol,  boiling  at  144°  under  a 
pressure  of  16  mm.,  and  of  specific  gravity  "939  at  20°.  Its 
index  of  refraction  is  1-50113,  and  it  is  dextro-rotary.  The 
smell  of  this  oil  is  quite  unlike  violets  when  in  concen- 
trated form,  but  if  diluted,  resembles  them  to  some  extent. 
It  forms  a  crystalline  oxime  C13H2oN  :  OH  melting  at  121-5°. 
Irone  is  clearly  a  methyl  ketone,  probably  of  the  constitution — 1 

CH3  CH3 

\/ 
C 

/\ 

HC     CH  .  CH  :  CH  .  CO  .  CH3 

II  I 
HC     CH .  CH3 

\/ 
CH2 

In  order  to  attempt  to  synthesise  irone,  experiments 
were  made  which  finally  led  to  the  condensation  of  citral 
with  acetone,  in  the  presence  of  alkalies.  Irone  was  not 
obtained,  but  an  isomer,  which  Tiemann  called  pseudo-ionone, 
as  follows : — 

C10HlcO  +  (CH3)2CO  =  C13H20O  +  H20. 

Pseudo-ionone  is  an  oil,  boiling  at  143°  to  145°  at  12  mm., 
of  specific  gravity  "8984,  and  refractive  index  1-53346.  If 
pseudo-ionone  be  heated  with  dilute  sulphuric  acid  and  a  little 
glycerine,  it  is  converted  into  another  isomeric  ketone,  the  now 
well-known  ionone  C13H20O.  This  substance  was  described 
as  boiling  at  126°  to  128°  at  12  mm.,  and  has  a  specific  gravity 
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*9351  and  refractive  index  T507,  and  is  optically  inactive.  It 
has  a  characteristic  violet  odour,  and  at  the  same  time  recalls 
the  vine  blossom.  Tiemann  originally  assigned  to  this  body 
the  formula — 

CH3  CH3 

\/ 
C 

'\ 

H2C    CH  .  CH  :  CH  .  CO  .  CH3 
HC    CH .  CH3 

V 

CH 

But  further  researches  on  the  chemistry  of  citral  caused  him 
later  to  support  the  formula — 

CH3  CH3 


C 

H2C  CH.CH:CH.CO.CH3 
H2C       C .  CH3 
CH 

Barbier  and  Bouveault,  however  (Gomptes  Rendus,  1897, 
p.  1308),  assign  to  it  the  unlikely  formula — 

CH2-C(CH3) 
CH9(  ^C  .  CH  :  CH  .  CO  .  CH3 

'XCH2-C(CH3)./ 

Tiemanrl  later  succeeded  in  resolving  ionone  into  two 
isomeric  compounds,  which  he  terms  a-ionone  and  /2-ionone. 
Tiemann  and  Kruger  obtained  ionone  by  heating  pseudo- 
ionone  with  dilute  sulphuric  acid.  De  Laire,  using  strong 
acid,  obtained  a  quite  similar  body,  but  one  which  yielded 
different  derivatives.  This  body  is  the  original  ■iso-ionone, 
or,  as  it  is  now  called,  /3-ionone.  a-Ionone  is  prepared 
from  the  commercial  product  by  converting  it  into  the 
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crystalline  oxime,  which  is  recrystallised  from  petroleum, 
and  regenerating  the  ketone  by  means  of  dilute  sulphuric 
acid,  when  a-ionone  results.  It  boils  at  123°  to  124°  at  11  mm., 
and  134°  to  136°  at  17  mm.  It  has  a  specific  gravity  -932  and 
refractive  index  1-4980.  The  oxime  melts  at  89°  to  90°,  and  the 
semi-carbazone  at  107°  to  108°.  0-Ionone  is  obtained  from  the 
commercial  mixture  by  means  of  the  semi-carbazone,  which 
crystallises  more  readily  than  the  corresponding  derivative  of 
the  a-ketone,  and  can  thus  be  separated.  It  boils  at  127°  to  129° 
at  10  mm.,  and  has  a  specific  gravity  "946  and  a  refractive 
index  1-521.  The  oxime  is  an  oil,  and  the  semi-carbazone 
melts  at  148°  to  149°.  For  further  details  of  the  chemistry  of 
these  bodies  the  original  papers  should  be  consulted  (Berichte, 
xxvi.,  p.  2675 ;  xxxi.,  pp.  808,  867). 

Some  of  the  most  important  modern  work,  which  has 
led  to  good  practical  results,  on  the  ionone  question,  is  that 
of  Dr.  Philippe  Chuit.  Eecognising  the  distinct  differences 
between  a-ionone  and  yS-ionone  from  a  perfumer's  point  of 
view,  Chuit  has  devoted  considerable  time  to  devising  practi- 
cable methods  for  their  separation.  The  chief  constituent  of 
the  ionone  of  commerce  is  a-ionone.  By  the  use  of  concen- 
trated sulphuric  acid  in  the  cold,  the  principal  isomerisation 
product  of  pseudo-ionone  appears  to  be  /3-ionone,  and  under 
the  name  violettone  this  product  was  put  on  the  market. 
Numerous  patents  have  been  taken  out  for  the  preparation 
of  the  separate  ionones,  which  need  not  be  here  discussed. 
Although  ionone  does  not  readily  combine  with  alkaline  bi- 
sulphite, yet  it  does  so  by  prolonged  boiling  with  the  solution 
of  bisulphite,  a  discovery  made  by  Tiemann  and  utilised  by 
him  to  remove  impurities  from  crude  ionone.  Further,  it 
was  shown  that  the  hydrosulphonic  compound  of  a-ionone 
crystallised  more  readily  than  that  of  /3-ionone,  whilst  the 
corresponding  compound  of  /3-ionone  was  the  more  easily 
decomposed  by  a  current  of  steam.    These  facts  constituted 
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a  step  towards  the  effectual  separation  of  the  isomeric 
ionones. 

It  has  been  proved  that  whilst  concentrated  sulphuric  acid 
at  a  low  temperature  caused  isomerisation  of  pseudo-ionone, 
so  that  the  resulting  product  consists  chiefly  of  /3-ionone.  But 
the  use  of  phosphoric,  hydrochloric  and  hydrobromic  acids  at 
low  temperatures  yields  chiefly  a-ionone. 

In  conjunction  with  Bachofen,  Chuit  has  devised  a  method 
for  separating  the  isomeric  ionones  depending  on  the  following 
facts.  The  method  is  based  on  the  insolubility  of  the  sodium 
salt  of  the  hydrosulphonic  compound  of  a-ionone  in  the  pres- 
ence of  sodium  chloride,  whilst  the  corresponding  /3-com- 
pound  remains  in  solution.  If  sodium  chloride  be  added  to 
a  hot  solution  of  the  hydrosulphonic  compounds,  separation 
of  the  a-salt  takes  place  slowly  as  the  solution  cools,  and  the 
salt  crystallises  in  fine  white  scales,  which  can  be  recrystal- 
lised  from  hot  water.    The  /3-compound  remains  in  solution. 

As  an  example  of  the  efficacy  of  this  separation  the  fol- 
lowing is  given :  5  grammes  of  a-ionone  and  5  grammes  of 
/3-ionone  were  boiled  with  bisulphite  solution  for  four  and  a 
half  hours.  To  the  solution,  measuring  165  c.c,  40  grammes 
of  sodium  chloride  were  added.  On  cooling  and  standing,  11 
grammes  of  moist  crystals  were  obtained,  which  on  decom- 
posing in  the  usual  manner,  by  caustic  soda  solution,  yielded 
on  steam  distillation  5  grammes  of  a-ionone.  The  ^-ionone 
was  recovered  from  the  mother  liquor  with  a  trifling  loss. 

The  composition  of  the  ordinary  hydrosulphonic  sodium 
compound  of  a-ionone  is,  according  to  Chuit, 
(C13H210  .  S03Na  .  )2  +  3H20, 
whilst  that  of  /3-ionone  is  C13H210  .  S03  Na  +  2H20. 

From  the  point  of  view  of  practical  perfumery,  Chuit 
points  out  that  the  possession  of  the  two  pure  isomers  enables 
perfumers  to  produce  numerous  shades  of  violet  perfume, 
with  characteristic  and  distinct  odours.     a-Ionone  has  a 
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sweeter  and  more  penetrating  odour,  rather  resembling  orris 
than  violets,  whilst  /3-ionone  is  said  to  more  closely  resemble 
the  true  fresh  violet  flower. 

Patents  covering  the  separation  of  the  ionones  are 
numerous. 

The  following  is  a  copy  of  the  provisional  and  complete 
specifications  provided  by  the  original  patentee.  The  patent 
has  now  expired.  Further  examination  of  the  bodies  in  ques- 
tion has  shown  that  a  few  unimportant  details  require  cor- 
rection : — 

Provisional  Specification. — I,  Johann  Carl  Wilhelm  Ferdinand  Tiemann, 
member  of  the  firm  of  Haarmann  &  Eeimer,  of  Holzminden,  residing  at 
Berlin,  Germany,  do  hereby  declare  the  nature  of  this  invention  to  be  as 
follows : — 

I  have  found  that  a  mixture  of  citral  and  acetone,  if  it  is  subjected,  in 
the  presence  of  water,  for  a  sufficiently  long  time,  to  the  action  of  hydrates 
of  alkaline  earths  or  of  hydrates  of  alkali  metals,  or  of  other  alkaline  agents, 
is  condensed  to  a  ketone  of  the  formula  C13H20O.  This  substance,  which  I 
term  "  Pseudo-ionone,"  may  be  produced  for  instance  in  shaking  together  for 
several  days  equal  parts  of  citral  and  acetone  with  a  solution  of  hydrate  of 
barium,  and  in  dissolving  the  products  of  this  reaction  in  ether. 

The  residue  of  the  ether  solution  is  fractionally  distilled  under  a  reduced 
pressure  and  the  fraction  is  collected,  which  boils  under  a  pressure  of  12 
mm.  at  a  temperature  of  from  138°  to  155°  C,  and  irom  it  the  unattacked 
citral  and  unchanged  acetone  and  volatile  products  of  condensation  are 
separated  in  a  current  of  steam,  which  readily  carries  off  these  bodies. 

The  product  of  condensation  remaining  in  the  distilling  apparatus  is 
purified  by  the  fractional  distillation  in  vacuo.  Under  a  pressure  of  12  mm. 
a  liquid  distils  off  at  a  temperature  of  from  143°  to  145°  C.  This  product  of 
condensation  which  I  term  "Pseudo-ionone"  is  a  ketone  readily  decompos- 
able by  the  action  of  alkalies.  Its  formula  is  CuH20O,  its  index  of  refraction 
is  n  D  =  1-527,  and  its  specific  weight  0-904. 

The  pseudo-ionone  has  a  peculiar  but  not  very  pronounced  odour;  it 
does  not  combine  with  bisulphite  of  sodium  as  most  of  the  ketones  of  the 
higher  series,  but,  in  other  respects,  it  possesses  the  ordinary  characteristic 
properties  of  the  ketones,  forming,  in  particular,  products  of  condensation 
with  phenylhydrazine,  hydroxylamine  and  other  substituted  ammonias. 

Although  the  odour  of  the  pseudo-ionone  does  not  appear  to  render  it  of 
great  importance  for  its  direct  use  in  perfumery,  it  is  capable  of  serving  as 
raw  material  for  the  production  of  perfumes,  the  pseudo-ionone  being  con- 
verted by  the  action  of  dilute  acids  into  an  isomeric  ketone,  which  I  term 
"  Ionone,"  and  which  has  most  valuable  properties  for  perfumery  purposes. 
This  conversion  may  be  effected,  for  example,  by  heating  for  several  hours  in 
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■an  oil  bath  20  parts  of  "  pseudo-ionone  "  with  100  parts  of  water,  2-5  parts 
of  sulphuric  acid,  and  100  parts  of  glycerine,  to  the  boiling  point  of  the 
mixture.  The  product  resulting  from  this  reaction  is  dissolved  in  ether,  the 
latter  is  evaporated,  and  the  residue  subjected  to  the  fractional  distillation 
in  vacuo.  The  fraction  distilling  under  a  pressure  of  12  mm.  at  a  tempera- 
ture of  from  125°  to  135°  C.  is  collected.  This  product  may  be  still  further 
purified  by  converting  it  by  means  of  phenylhydrazine  or  other  substituted 
ammonias  into  a  ketone  condensation  product  decomposable  under  the  action 
of  dilute  acids. 

The  ketone  derivatives  of  the  pseudo-ionone  are  converted  under  similar 
conditions  into  ketone-derivatives  of  the  ionone.  The  pure  ionone  corre- 
sponds to  the  formula  C13H20O,  it  boils  under  a  pressure  of  12  mm.  at  a 
temperature  of  about  128°  C,  its  specific  weight  is  0-935,  and  its  index  of 
refraction  n  D  =  l-507. 

The  ionone  has  a  fresh  flower -perfume  recalling  that  of  violets  and  vines, 
and  is  peculiarly  suitable  for  being  used  in  perfumery,  confectionery  and 
■distillery. 

The  ionone,  when  subjected  at  a  higher  temperature  to  the  action  of 
hydroiodic.  acid,  splits  off  water  and  gives  a  hydrocarbon  corresponding  to 
the  formula  Cj-H18,  boiling  under  a  pressure  of  12  mm.  at  a  temperature  of 
from  106°  to  112°  C.  This  hydrocarbon  is  converted  by  strong  oxidising 
agents  into  an  acid  of  the  formula  C12H12Ou,  melting  at  a  temperature  of 
214°  C. 

Complete  Specification. — I,  Johann  Carl  Wilhelm  Ferdinand  Tiemann, 
member  of  the  firm  of  Haarmann  &  Reimer,  of  Holzminden,  residing  at 
Berlin,  Germany,  do  hereby  declare  the  nature  of  this  invention,  and  in 
what  manner  the  same  is  to  be  performed  to  be  particularly  described  and 
ascertained  in  and  by  the  following  statement : — 

I  have  found  that  a  mixture  of  citral  and  acetone,  if  it  is  subjected  in 
the  presence  of  water  for  a  sufficiently  long  time  to  the  action  of  hydrates  of 
alkaline  earths  or  of  hydrates  of  alkali  metals,  or  of  other  alkaline  agents,  is 
condensed  to  a  ketone  of  the  formula  CwH20O.  This  substance,  which  I 
term  "  Pseudo-ionone,"  may  be  produced,  for  instance,  in  shaking  together 
for  several  days  equal  parts  of  citral  and  acetone  with  a  solution  of  hydrate 
of  barium,  and  in  dissolving  the  products  of  this  reaction  in  ether. 

The  residue  of  the  ether  solution  is  fractionally  distilled  under  a  reduced 
pressure  and  the  fraction  is  collected,  which  boils  under  a  pressure  of  12  mm. 
at  a  temperature  of  from  138°  to  155°  C.  and  from  it  the  unattacked  citral 
and  unchanged  acetone  and  volatile  products  of  condensation  of  acetone  by 
itself  are  separated  in  a  current  of  steam,  which  readily  carries  off  these  bodies. 

The  product  of  condensation  remaining  in  the  distilling  apparatus  is 
purified  by  the  fractional  distillationj/m  vacuo.  Under  a  pressure  of  12  mm. 
a  liquid  distils  off  at  a  temperature  of  from  143°  to  145°  C.  This  product  of 
condensation  of  citral  with  acetone,  which  I  term  "  Pseudo-ionone,"  is  a 
ketone  readily  decomposable  by  the  action  of  alkalies.  Its  formula  is 
CiaH^O,  its  index  of  refraction  is  n  D  =  P527,  and  its  specific  weight  0-904. 
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The  pseudo-ionone  has  a  peculiar,  but  not  very  pronounced  odour;  it 
-  does  not  combine  with  bisulphite  of  sodium  as  most  of  the  ketones  of  the 
higher  series,  but  in  other  respects  it  possesses  the  ordinary  characteristic 
properties  of  the  ketones,  forming,  in  particular,  products  of  condensation 
with  phenylhydrazine,  hydroxylamine  and  other  substituted  ammonias. 

Although  the  odour  of  the  pseudo-ionone  does  not  appear  to  render  it  of 
great  importance  for  its  direct  use  in  perfumery,  it  is  capable  of  serving  as 
raw  material  for  the  production  of  perfumes,  the  pseudo-ionone  being  con- 
verted by  the  action  of  dilute  acids  into  an  isomeric  ketone,  which  I  term 
"Ionone,"  and  which  has  most  valuable  properties  for  perfumery  purposes. 
This  conversion  may  be  effected,  for  example,  by  heating  for  several  hours  in 
an  oil  bath  20  parts  of  "  pseudo-ionone  "  with  100  parts  of  water,  2-5  parts  of 
sulphuric  acid  and  100  parts  of  glycerine,  to  the  boiling  point  of  the  mixture. 

The  product  resulting  from  this  'reaction  is  dissolved  in  ether,  the  latter 
is  evaporated  and  the  residue  subjected  to  the  fractional  distillation  in  vacuo. 
The  fraction  distilling  under  a  pressure  of  12  mm.  at  a  temperature  of  from 
125°  to  135°  C.  is  collected.  This  product  may  be  still  further  purified  by 
converting  it  by  means  of  phenylhydrazine  or  other  substituted  ammonias 
into  a  ketone  condensation  product  decomposable  under  the  action  of  dilute 
acids. 

The  ketone  derivatives  of  the  pseudo-ionone  are  converted  under  similar 
conditions  into  ketone-derivatives  of  the  ionone.  The  pure  ionone  corre- 
sponds to  the  formula  O^EL^O,  it  boils  under  a  pressure  of  12  mm.  at  a 
temperature  of  about  128°  C,  its  specific  weight  is  0-935,  and  its  index  of 
refraction  n  D  =  1-507. 

The  ionone  has  a  fresh  flower-perfume  recalling  that  of  violets  and  vines, 
and  is  peculiarly  suitable  for  being  used  in  perfumery,  confectionery  and 
distillery. 

The  ionone,  when  subjected  at  a  temperature  surpassing  100°  C.  to  the 
action  of  hydroiodic  acid,  splits  off  water  and  gives  a  hydrocarbon  corre- 
sponding to  the  formula  C13H18,  boiling  under  a  pressure  of  12  mm.  at  a 
temperature  from  106°  to  112°  0.  This  hydrocarbon  is  converted  by  strong 
oxidising  agents  into  an  acid  of  the  formula  Cj.2H1206  melting  at  a  tempera- 
ture of  214°  C. 

Having  now  particularly  described  and  ascertained  the  nature  of  this 
invention,  and  in  what  manner  the  same  is  to  be  performed,  I  declare  that 
what  I  claim  is  : — 

1.  A  new  chemical  product  termed  pseudo-ionone  obtained  by  the 
reaction  of  citral  upon  acetone  in  the  presence  of  alkaline  agents  and 
subsequent  treatment  of  the  products,  substantially  as  described. 

2.  A  new  article  of  manufacture  termed  ionone  suitable  for  perfumery 
and  the  like  and  having  the  characteristics  hereinbefore  set  forth,  obtained 
from  pseudo-ionone  referred  to  in  the  preceding  claim,  substantially  as 
described. 

3.  The  process  for  the  production  of  the  pseudo-ionone  referred  to  in  the 
first  claim,  consisting  in  the  subjection  of  a  mixture  of  citral  and  acetone  to 
the  action  of  an  alkaline  agent,  and  in  purifying  the  product  of  this  reaction. 
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extracted  by  means  of  ether,  by  fractional  distillation,  substantially  as  de- 
scribed. 

4.  The  process  for  the  production  of  the  ionone  referred  to  in  the  second 
claim,  consisting  in  treating  the  pseudo-ionone  referred  to  in  the  first  claim 
or  its  ketone  condensation  products  with  phenylhydrazine  or  other  ammonia, 
derivatives,  finally  with  acids,  substantially  as  described. 

The  commercial  product,  as  put  on  to  the  market,  was 
originally  a  10  per  cent,  solution  of  ionone  in  alcohol.  This 
was  due  not  only  to  the  expensive  nature  of  the  product,  but 
also  to  the  fact  that  its  odour  is  very  intense,  and  when  pure, 
not  like  that  of  violets.  Ten  grammes  of  this  solution  are 
sufficient  to  produce  one  kilo  of  triple  extract  of  violets  when 
diluted  with  pure  spirit.  But  to-day  100  per  cent,  violet  per- 
-furn.es,  such  as  the  violettone,  above  mentioned,  are  regular 
commercial  articles.  The  perfume  is  improved  both  for  ex- 
tracts and  soaps  by  the  addition  of  a  little  orris  oil,  but  in  the 
author's  opinion  the  odour  of  ionone  is  not  nearly  so  delicate 
as  that  of  the  natural  .violet,  although  far  more  powerful. 
The  prices  asked  for  it  are  very  high,  and  in  regard  to 
this  the  following  optimistic  statement  occurs  in  Messrs. 
Schimmel  &  Cos.  report  for  October,  1894 :  "  The  opinion, 
which  is  frequently  expressed,  that  the  price  of  ionone  solu- 
tion will  probably  be  reduced  before  long  is  not  justified.  It 
is  not  the  intention  of  the  manufacturers  to  depreciate  the 
article  without  reason  or  necessity,  a  policy  which  can  only 
meet  with  the  approval  of  the  maker  of  high-class  perfumes,, 
for  whose  use  ionone  is  intended,  and  who  cannot  gain 
by  seeing  violet  odour,  like  so  many  other  preparations, 
brought  down  to  the  level  of  a  vulgar  scent  for  common 
people." 

With  regard  to  the  practical  use  of  ionone,  which  some- 
times presents  a  difficulty  to  perfumers,  Messrs.  Schimmel 
&  Co.  write  :• — 

"  This  beautiful  article  maintains  its  position  in  the  front 
rank  of  preparations  for  perfumery,  and  will  probably  remain 
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without  a  rival  among  artificial  perfumes  for  some  time  to 
■come.  Although  the  violet  scent  has  long  been  a  favourite 
perfume,  its  popularity  has  doubled  through  the  invention  of 
ionone,  and  it  is  not  too  much  to  say  that  the  introduction 
■of  that  body  alone  has  made  it  possible  to  produce  a  perfect 
extract.  Some  of  the  leading  European  perfumers  produce 
violet  extracts  which  may  be  recommended  as  examples  of 
■excellence,  and  which  have  deservedly  become  commercial 
articles  of  the  first  importance.  The  inventors  of  ionone 
have  earned  the  gratitude  of  the  entire  perfumery  industry, 
and  may  be  congratulated  in  turn  upon  the  remarkable 
success  of  their  invention. 

"  As  we  have  already  pointed  out  on  a  previous  occasion, 
the  preparation  of  a  violet  extract  in  which  ionone  is  made 
to  occupy  its  due  position  is  not  such  an  easy  task  as  is  often 
assumed ;  on  the  contrary,  it  requires  a  long  and  thorough 
application. 

"  To  obtain  a  perfect  result  with  ionone  is  an  art  in  the 
true  meaning  of  the  word,  and  on  that  account  no  inexperi- 
enced hand  should  attempt  it.  We  again  and  again  lay 
stress  upon  this  fact,  because  in  our  business  we  are  con- 
stantly brought  face  to  face  with  people  who  think  that  they 
■can  make  a  suitable  violet  extract  by  simply  mixing  alcohol 
with  ionone  solution.  This  view  is  quite  wrong.  The 
employment  of  ionone  presupposes  above  everything  else 
that  the  user  is  acquainted  with  the  peculiarities  of  the  article 
and  knows  how  to  deal  with  them.  Again  and  again  the 
uninitiated  come  to  us  with  the  complaint  that  ionone  has  no 
odour  at  all,  or  that  it  smells  disagreeably,  although  as  a 
matter  of  fact^these  objections  are  usually  withdrawn  upon 
■closer  acquaintance  with  the  article.  The  assumptions  in 
question  are  only  due  to  a  blunting  of  the  olfactory  nerves, 
or,  more  correctly,  to  a  nasal  delusion,  which  also  occurs 
sometimes  in  the  case  of  other  tlower  odours  and  to  which 
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people  are  known  to  be  particularly  liable  when  smelling 
freshly  gathered  violets. 

"  The  principal  thing  in  connection  with  the  employment 
of  ionone  is  to  discover  its  proper  degree  of  dilution.  In  its 
natural  state  the  body  is  so  highly  concentrated  as  scarcely 
to  remind  one  of  violets.  This  is  the  reason  why  it  was 
placed  in  trade  in  the  form  of  a  10  per  cent,  solution,  and 
not  in  its  pure  state.  This  form  has  proved  an  exceedingly 
useful  one.  In  using  it  for  extracts,  powders,  sachets,  etc., 
the  solution  must  be  further  diluted  and  fixed  with  some 
orris  oil,  civet  and  musk." 

By  using  acetone  homologues,  homologous  or  reduced 
ionones  are  produced  which  have  intense  odours  of  a  similar 
character. 

The  above  remarks  apply  to  the  commercial  product 
known  as  ionone.  There  are,  however,  numerous  other 
patents  in  existence  for  the  preparation  of  artificial  violet  oil. 
The  complete  specification  of  one  of  these  reads  as  follows  : — 

I,  Alfred  Julius  Boult,  of  111  Hatton  Garden,  in  the  County  of  Middle- 
sex, Chartered  Patent  Agent,  do  hereby  declare  the  nature  of  this  invention 
and  in  what  manner  the  same  is  to  be  performed,  to  be  particularly  described 
and  ascertained  in  and  by  the  following  statement  : — 

This  invention  relates  to  a  process  for  manufacturing  hitherto  unknown 
oils  having  a  violet  scent. 

Patents  No.  8,736  of  1st  May,  1893,  and  No.  17,539  of  18th  September,  1893, 
describe  the  manufacture  of  ionone,  which  is  an  essential  oil,  boiling  at  128° 
under  12  mm.  pressure,  and  of  specific  gravity  of  0-935.  This  oil  is  optically 
inactive. 

The  final  product  of  the  process  according  to  the  present  invention  is  an 
oil  boiling  at  142°  to  150°  C.  under  12  mm.  pressure  and  of  specific  gravity  of 
from  0*94  to  0-95.  It  differs  from  ionone  by  having  when  concentrated  a  very 
strong  scent  similar  to  that  of  sandalwood  by  producing  a  left-handed  rotation 
of  a  polarised  ray  and  by  having  when  diluted  a  scent  more  closely  approach- 
ing that  of  natural  violets  than  does  that  of  ionone. 

Analysis  shows  that  this  oil  consists  of  several  ketones  of  the  group 
C^HjqO  of  higher  boiling  points  and  greater  density  than  those  of  ionone. 
These  ketones  are  optically  active,  and  both  their  existence  and  their  artificial 
production  have  been  hitherto  unknown. 

The  process  employed  in  carrying  out  this  invention  is  as  follows:  A 
mixture  of  1  to  1J  parts  acetone  (45  kg.),  1  part  of  lemon-grass  oil  (38  kg.),  1£ 
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to  2  parts  of  alcohol  (75  kg.),  1  to  2  parts  of  a  concentrated  lime-free  solution 
of  chloride  of  lime  (75  kg.),  to  which  is  added  a  little  of  cobaltous  nitrate 
<30  gr.)  dissolved  in  water,  is  boiled  during  6  to  18  hours  at  a  temperature  of 
70°  to  80°  C.  in  a  reflux  cooling  apparatus. 

The  alcohol  and  the  excess  of  acetone  are  first  distilled  off  and  then  an 
essential  oil  is  obtained,  which,  after  the  first  distilled  portion  (about  4  kg.) 
of  specific  gravity  0-88  has  been  removed,  represents  the  stuff  for  producing 
artificial  oil  of  violets.  It  is  an  essential  oil  with  a  boiling  point  of  155°  to 
175°  at  12  mm.  pressure  (about  25  kg.). 

This  oil  is  heated  at  110°  0.  with  a  solution  of  bisulphate  of  sodium  of 
11°  Beaume  (42  kg.  for  360  litres  of  water)  in  a  vessel  with  a  mixing  device 
until  the  samples  distilled  every  day  show  that  the  first  running,  which  has 
an  unpleasant  smell,  has  reached  the  density  of  0-936.  This  happens  after 
about  8  days  (the  first  running  being  about  8  kg.). 

The  crude  product  (about  17  kg.)  in  the  vessel  is  then  purified  by  frac- 
tional distillation,  all  the  bad-smelling  parts  being  removed,  so  that  finally 
there  remains  an  oil  of  a  density  of  0-948  to  0-952  (15°  C.)  boiling  at  142°  to 
150°  C.  under  12  mm.  pressure. 

The  lightest  portion  of  this  oil  has  a  specific  gravity  of  0  945  and  boils 
at  142°  C.  under  12  mm.  pressure ;  the  largest  portion  of  it,  which  has  the 
pleasantest  and  strongest  smell,  boils  at  149°  C.  and  has  a  specific  gravity  of 
0-953.  Analysis  has  shown  that  both  substances  belong  to  the  group  of 
ketones  Ci3H20O. 

By  using  other  ketones  instead  of  acetone  homologous  substances  may 
be  obtained. 

The  product  obtained  by  the  above  described  process  contains  no  ionone, 
for  it  contains  no  ingredient  boiling  at  128°  G.  under  the  pressure  of  12  mm. 
and  having  a  specific  gravity  of  0-935.  The  violet-like  smell  of  the  product 
obtained  according  to  the  present  invention  is  the  result  of  the  presence  of 
substances  which  are  different  from  ionone,  as  their  specific  gravity  and  their 
boiling  point  are  higher  than  those  of  ionone.  The  new  product  has  the 
advantage  that  it  can  be  manufactured  in  a  very  simple  and  economical 
manner,  and  as  its  smell  is  much  more  like  that  of  real  violets  than  is  the 
smell  of  ionone,  and  as  it  is  more  constant  and  less  volatile  than  ionone, 
it  is  much  more  suitable  for  artificial  violet  scent  than  the  "  ionone  "  which 
has  hitherto  been  the  only  artificially  made  substance  known  for  this  pur- 
pose, and  which  is  much  more  difficult  to  manufacture. 

Having  now  particularly  described  and  ascertained  the  nature  of  the  said 
invention  as  communicated  to  me  by  my  foreign  correspondents  and  in  what 
manner  the  same  is  to  be  performed,  I  wish  it  to  be  understood  that  I  do  not 
claim  anything  described  and  claimed  in  the  Specifications  of  Letters  Patent 
Nos.  8,736  and  17,539,  a.d.  1893,  granted  to  Johann  Carl  Wilhelm  Ferdinand 
Tiemann,  but  I  declare  that  what  I  claim  is  : — 

1.  As  an  article  of  manufacture  an  essential  oil  having  the  smell  of 
violets  boiling  at  142°  to  150°  C.  under  a  pressure  of  12  mm.  and  of  a  specific 
gravity  of  0-948  to  0-952  (15°  C). 
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2.  A  process  for  the  manufacture  of  hitherto  unknown  oils  having  the 
smell  of  violets,  which  oils  have  a  higher  boiling  point  and  higher  specific 
gravity  than  ionone. 

3.  A  process  for  the  manufacture  of  hitherto  unknown  oils  boiling  at 
155°  to  175°  C.  under  the  pressure  of  12  mm.,  which  can  be  converted  into 
violet-smelling  oils  of  higher  specific  gravity  and  higher  boiling  point  than 
those  of  ionone  by  being  boiled  with  different  substances,  such,  for  instance, 
as  bisulphate  of  sodium. 

4.  The  manufacture  of  homologous  substances  by  using  other  ketones 
instead  of  acetone. 

5.  A  process  for  the  manufacture  of  artificial  essence  of  violets  con- 
sisting in  causing  lemon-grass  oil,  alcohol,  acetone,  and  concentrated 
solutions  of  salts  of  hypochlorous  acid  to  react  on  one  another  at  the 
boiling  temperature. 

6.  Process  for  manufacture  of  artificial  essence  of  violets  consisting  in 
causing  lemon-grass  oil,  alcohol,  acetone,  and  concentrated  solutions  of  salts 
of  hypochlorous  acid  to  react  on  one  another  at  a  boiling  temperature, 
cobaltous  nitrate  being  added  if  desired. 

The  author  is  indebted  to  Messrs.  Fritzsche  &  Co.  for 
the  following  information,  in  regard  to  ionone  perfumes. 

They  state  that  their  invention  relates  to  the  preparation 
of  cyclic  ketones  of  the  same  group  as  ionone,  but  with  higher 
boiling  points  and  higher  specific  gravity.  They  claim  to  have 
proved  that,  corresponding  to  the  pseudo-ionone  of  the  patent 
No.  8,736  of  1893,  which  distils  at  143°  to  145°  (12  mm.),  and 
which  finally  gives  the  ketone  ionone  of  boiling  point  126°  to 
128°  (12  mm.),  and  specific  gravity  0-935  (20°  C),  there  exists 
also  an  iso-pseudo-ionone  which  distils  at  149°  to  151°  (12  mm.), 
and  which  gives  iso-ionone  of  boiling  point  133°  to  135° (12  mm.) 
and  specific  gravity  0943  (20°  C),  and  further  that  there  exists 
still  another  iso-pseudo-ionone  which  distils  at  157°  to  160° 
(12  mm.),  and  which  gives  a  cyclic  ketone  of  boiling  point 
142°  to  146°  and  specific  gravity  0-960  (20°  C). 

They  also  claim  that  large  quantities  of  iso-pseudo-ionone 
are  formed  in  the  process  of  Tiemann's  patent,  and  which 
can  be  separated  by  distillation,  coming  over  at  a  higher 
temperature  than  the  ordinary  pseudo-ionone. 

Other  very  important  and  modern  patents  on  this  subject 
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are  No.  18,333  of  13th  September,  1901,  and  No.  705  of  19th 
January,  1903,  both  taken  out  in  this  country. 

Artificial  Musk. — The  chemistry  of  natural  musk,  the 
preputial  secretion  of  the  musk  deer,  Moschus  moschiferus,  is 
not  well  defined,  and  attempts  to  prepare  artificial  musk  have 
not  been  made  on  the  basis  of  any  knowledge  of  the  con- 
stitution of  the  natural  perfume.  For  accounts  of  the 
materia  medica  and  commerce  of  this  natural  product, 
works  on  materia  medica  should  be  consulted.  A  useful 
account  will  be  found  in  vol.  i.  of  Sawyer's  Odorographia. 

Tor  many  years  attempts  have  been  made  to  artificially 
imitate  the  odour  of  musk.  To  a  certain  extent  successful 
experiments  were  made  by  Margraff  and  Eisner  (Joum. 
fur  Praktische  Ghemie,  1842).  Eough  pieces  of  amber, 
ground  to  powder  and  mixed  with  sand,  are  distilled  in  an 
iron  retort,  the  oil  which  distils  over  is  separated  from  the 
foetid  liquor  and  succinic  acid  which  accompanies  it,  and 
after  being  rectified  at  a  gentle  heat  with  about  six  times 
its  volume  of  water,  is  gradually  added  to  and  digested 
with  3J  parts  by  weight  of  fuming  nitric  acid,  artificial  cold 
being  employed  to  prevent  any  portion  of  the  oil  carbonising. 
A  resinous  matter  of  a  yellowish  colour  forms,  which,  after 
being  dried,  is  the  product  which  is  required.  It  is  said  to 
be  also  formed  by  digesting  for  ten  days  an  ounce  of  foetid 
animal  oil,  obtained  by  distillation,  and  half  an  ounce  of 
nitric  acid,  then  adding  a  pint  of  rectified  spirit,  and 
digesting  for  one  month.  Another  artificial  musk  has  been 
patented  in  England  (No.  18,521,  18th  Dec,  1888)  by 
Schnaufer  &  Hupfeld,  of  Frankfurt.  The  specification  of 
this  patent  states  that  "  three  parts  of  metaxylol,  two  parts 
of  isobutyl  alcohol,  and  nine  parts  of  chloride  of  zinc  are 
heated  in  a  digestor  to  from  220°  to  240°,  until  the  pressure, 
which  at  the  commencement  is  from  25  to  29  atmospheres, 
sinks  to  below  6  atmospheres.    The  resulting  hydrocarbon, 
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corresponding  to  the  formula  C12H18,  is  collected,  and  the 
fraction  which  distils  over  at  from  190°  to  230°  is  nitrated 
with  HN03,  or  with  HN03  and  H2S04,  whilst  being  cooled. 
The  product  of  the  reaction  is  poured  into  water,  whereupon 
a  reddish-brown  oil  separates,  which  is  washed  several  times 
with  alkaline  water.  The  formula  of  this  oil  is  Ci2H17N02, 
and  in  a  concentrated  condition  it  possesses  a  sweet  smell, 
whilst  in  a  dilute  solution  it  gives  off  a  penetrating  and 
enduring  musk-like  odour." 

The  complete  specification  states  that  "  aromatic  hydro- 
carbons containing  the  iso-propyl,  iso-butyl,  or  iso-amyl  group, 
on  treatment  with  fuming  nitric  acid  or  a  mixture  of  strong 
nitric  acid  (40°  to  44°  B.)  and  sulphuric  acid  (66°  B.),  produce 
derivatives  which,  in  very  dilute  alcoholic  solution,  furnish  a 
liquid  possessing  an  odour  resembling  tincture  of  musk  in  the 
highest  degree  ".    Only  one  example  of  the  process  is  given 
in  the  provisional  specification,  but  of  course  the  process 
may  be  carried  out  with  the  other  well-known  homologues. 
"  The  hydrocarbons  may  be  produced  in  the  ordinary  way, 
but  we  produce  them  by  the  following  operation.    Toluene  or 
xylol  is  heated  in  a  digestor  with  iso-propyl  or  iso-butyl,  or 
iso-amyl  alcohol  in  molecular  quantities,  with  the  addition  of 
from  four  to  five  times  the  quantity  of  chloride  of  zinc,  to  the 
boiling  point  of  the  hydrocarbon,  or  to  about  40°  or  50°  above 
the  boiling  point  of  alcohol,  until  the  pressure,  which  at  the 
commencement  was  equal  to  about  26  atmospheres,  sinks 
to  a  little  above  2  or  3  atmospheres.    The  product  of  the 
reaction  is  subjected  to  fractional  distillation. 

"By  the  above  process  the  following  hydrocarbons  are 
obtained  : — 

1.    From  Toluene : — 

Methylisopropyl-benzene. 
Methylisobutyl-  „ 
Methylisoamyl-  ,, 

32 
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2.    From  Xylol  :— 

Dimethylisopropyl-benzene. 
Dimethylisobutyl-  „ 
Dimethylisoamyl-  „ 

"  To  produce  the  '  musk-substitute ' : — 

"  We  add  to  the  above-mentioned  hydrocarbons,  which 
during  the  operation  should  be  kept  thoroughly  cool,  a  little 
more  than  the  molecular  quantity  of  fuming  nitric  acid  or 
nitro- sulphuric  acid.  The  acid  should  be  gradually  run  in 
and  the  whole  then  allowed  to  stand  undisturbed  for  from 
one  to  two  hours,  the  resulting  mass  being  then  poured  into 
water  in  order  to  get  rid  of  the  excess  of  acid.  The  well- 
washed  substances  thus  obtained  are  then  subjected  to  dis- 
tillation by  means  of  steam,  whereupon  simultaneously  formed 
bodies,  which  smell  like  nitro-benzol  and  overpower  the 
musk  odour,  readily  distil  over,  whilst  the  pure  substances 
remain  behind." 

The  artificial  musk  which  was  the  first  to  achieve  marked 

success  was  that  manufactured  under  the  patent  of  Albert 

Baur  (English  patent  No.  4,963  of  1889).    The  provisional 

and  complete  specifications  of  this  patent  are  as  follows  :— 

Provisional  Specification.— I,  Albert  Baur  of  Gispersleben,  in  the  Empire 
of  Germany,  Doctor,  do  hereby  declare  the  nature  of  this  invention  to  be  as 
follows  : — 

The  object  of  this  invention  is  to  produce  a  compound  or  material,  or 
series  of  compounds  or  materials,  having  the  properties  of  musk. 

To  this  end  I  purpose  to  make  a  nitrated  hydrocarbon  of  the  CnH16. 
group  and  proceed  as  follows  : — 

Toluene  is  mixed  with  a  haloid  combination  of  butane  and  boiled  with 
addition  of  chloride  or  bromide  of  aluminium.  Water  is  added  to  the 
product  and  it  is  then  distilled  with  steam,  and  that  portion  which  distils 
over  at  a  temperature  between  170°  and  200°  C.  is  taken  and  treated  with 
fuming  nitric  acid  and  fuming  sulphuric  acid.  The  resulting  product  is 
washed  with  water  and  crystallised  from  alcohol. 

The  product  may  be  dissolved  in  alcohol,  and  on  addition  of  a  small 
quantity  of  ammonia  or  sal-ammoniac  will  exhibit  all  the  essential  properties 
of  a  tincture  of  musk. 

Complete  Specification.— I,  Albert  Bauv  of  Gispersleben,  in  the  Empire 
of  Germany,  Doctor,  do  hereby  declare  the  nature  of  my  invention  and  m 
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what  manner  the  same  is  to  be  performed  to  be  particularly  described  and 

ascertained  in  and  by  the  following  statement :  

^  The  object  of  this  invention  is  to  produce  a  compound  or  material,  or 
series  of  compounds  or  materials,  having  the  properties  of  musk. 

To  this  end  I  make  a  nitrated  hydrocarbon  of  the  CnH16  group  and 
proceed  as  follows : — 

Toluene  is  mixed  with  a  haloid  combination  of  butane  and  boiled  with 
addition  of  chloride  or  bromide  of  aluminium.  Water  is  added  to  the  product 
and  it  is  then  distilled  with  steam,  and  that  portion  which  distils  over  at  a 
temperature  between  170°  and  200°  C.  is  taken  and  treated  with  fuming 
nitric  acid  and  fuming  sulphuric  acid.  The  resulting  product  is  washed 
with  water  and  crystallised  from  alcohol. 

The  product  may  be  dissolved  in  alcohol,  and  on  addition  of  a  small 
quantity  of  ammonia  or  sal-ammoniac  will  exhibit  all  the  essential  properties 
of  a  tincture  of  musk. 

For  carrying  the  invention  into  practice,  five  parts  of  toluene  are  mixed 
with  one  part  of  butyl  bromide,  or  butyl  chloride  or  butyl  iodide,  and  to  these 
may  be  added  gradually  whilst  boiling  i  part  of  aluminium  chloride  or 
aluminium  bromide  ;  this  results  in  the  development  of  hydrobromic  acid 
or  hydrochloric  acid  or  hydriodic  acid  respectively,  and  a  product  of  reaction 
is  obtained  from  which  by  the  action  of  steam  the  hydrocarbon  CLH1(1  and 
unchanged  toluene  are  distilled.    By  the  admission  of  steam  the  hydro- 
carbon  is  carried  along  and  may  be  obtained  in  a  condenser  as  a  colourless 
oil  floating  on  the  water.    The  oil  removed  and  dried  by  means  of  chloride 
of  calcium  is  fractionated,  and  in  this  manner  the  necessary  hydrocarbon  for 
the  production  of  artificial  musk  is  obtained,  100  parts  of  the  former  giving 
a  like  quantity  of  musk  preparation.    Three  parts  of  fuming  nitric  acid  of 
1-52  specific  weight  and  six  parts  of  fuming  sulphuric  acid  are  mixed  to- 
gether, and  to  this  mixture  is  carefully  added  whilst  cooling  one  part  of  the 
hydrocarbon  aforesaid.    Each  drop  causes  a  violent  reaction.    As  soon  as  all 
the  hydrocarbon  is  added,  the  whole  mixture  is  heated  up  to  a  temperature 
of  about  100°  C.    After  cooling,  the  nitro  product  is  precipitated  by  pouring 
into  cold  water  of  about  five  to  six  times  the  volume,  and  is  separated  from 
superfluous  acid  by  washing  with  cold  water.    The  nitro  product  separates 
first  as  a  heavy  viscid  oil,  which  after  some  time  hardens  into  a  firm  crystal- 
line substance.  J 

The  raw  nitro  product  is  then  purified  by  recrystallisation  from  alcohol 
of  90  per  cent,  strength.  The  purified  product  crystallises  out  in  yellowish- 
white  needles,  possessing  a  strong  smell  of  musk. 

Having  now  particularly  described  and  ascertained  the  nature  of  my 
Bud  invention  and  in  what  manner  the  same  is  to  be  performed,  I  declare 
tliat  what  I  claim  is  : — 

The  process  for  producing  artificial  musk  substantially  as  described. 

The  original  scientific  account  of  the  preparation  of  this 
body  stated  (Gomptes  Rendus,  cxi,  p.  238)  that  meta-ho- 
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butyl  toluene  was  heated  on  a  water  bath  for  twenty-four 
hours,  with  five  times  its  weight  of  a  mixture  of  sulphuric 
and  nitric  acids.  The  product  was  subjected  to  a  repetition 
of  the  same  treatment,  so  as  to  convert  it  into  trinitro-butyl 
toluene,  which  crystallises  from  alcohol  in  white  needles 
melting  at  96°  to  97°.  It  is  insoluble  in  water,  but  soluble  in 
organic  solvents.  Even  in  very  dilute  solutions  this  com- 
pound has  a  strong  odour  of  musk,  and  for  many  purposes 
can  replace  the  natural  product.  The  homologues  of  iso- 
butyl  toluene  behave  similarly  and  trinitro-isobutyl  metaxy- 
lene  has  an  exactly  similar  odour.  In  a  later  communication 
(Berichte,  xxiv.,  p.  2832)  Baur  stated  that  nis  previous  view 
was  incorrect,  and  that  the  "artificial  musk"  was  the 
trinitro-derivative  of  tertiary  butyl  xylene,  and  not  of  iso- 
butyl  xylene,  owing  to  the  occurrence  of  an  intra-molecular 
change  during  the  reaction.  Tertiary  butyl  xylene  is  easily 
prepared  by  the  interaction  of  tertiary  butyl  chloride  and 
xylene  in  the  presence  of  aluminium  chloride  as  follows : — 
C4H9C1  +  C6H4(CH3)2  =  C4H9 .  C6H3 .  (CH3)2  +  HC1. 
The  mono-  and  dinitro  products  have  no  musk  odour, 
and  therefore  the  nitration  of  the  hydrocarbon  should  be 
carried  as  far  as  possible.  The  constitution  of  this  artificial 
musk,  or  "xylene  musk"  as  it  is  often  called,  is  pro- 
bably— 

C.CH3 

/\ 

N02 .  C    C .  N02 

CH3.C  C.C4H9 

\/ 
C.N02 

Still  later  (Berichte,  xxxi.,  p.  1344),  Baur  has  shown  that 
if  an  acetyl  group  is  introduced  into  the  butyl  toluene  mole- 
cule, and  the  methyl  ketone  thus  formed  is  nitrated,  artificial 
musk  (ketone  musk)  is  produced.    One  part  of  butyl  toluene, 
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ten  parts  of  carbon  disulphide,  and  six '  parts  of  aluminium 
chloride  are  cooled  in  a  flask  and  six  parts  of  acetyl  chloride 
are  run  in  quickly.  After  distillation  on  a  water  bath,  the 
residue  is  poured  on  to  ice  and  treated  in  the  usual  manner. 
The  acetyl  derivative  is  obtained  as  an  oil  with  a  pleasant 
aromatic  odour,  boiling  at  255°  to  258°,  of  the  formula — 

CH3 

/ 

CH3 .  CO  .  C6H3 

\ 
C4H9 

By  nitrating  this  ketone  a  dinitro  derivative — 

(N"02)2 

CH3 .  CO .  C6H— CH3 

\ 
C4H9 

is  obtained  in  needles  melting  at  131°,  and  having  a  strong 
musk  odour.  In  this  compound  one  of  the  nitro  groups  of 
the  original  artificial  musk,  trinitro-butyl  toluene,  has  been 
replaced  by  the  acetyl  group.  Which  group  has  been  so 
replaced  is  uncertain.  A  quite  similar  body  is  obtained  from 
butyl  xylene,  the  resulting  ketone — 


CH3.CO.  CaH,— CH3 

\ 
CH3 

melting  at  48°,  and  yielding  a  dinitro  derivative — 

(N02)2 

CH3 .  CO .  C(-C4H9 

\ 

(CH3)2 

melting  at  136°,  and  having  a  strong  musk  odour.  These 
bodies  are  known  as  "ketone  musk".  Instead  of  using 
acetyl  chloride,  either  butyryl  chloride  or  valeryl  chloride 
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may  be  used,  and  higher  homologues  produced.  Butyl- 
xylyl-propyl  ketone — 

C4H9 
/ 

C3H7 .  CO .  CgH^ — CH3 

\ 

CH3 

melts  at  50°  and  boils  at  290°.  It  forms  a  dinitro  derivative, 
melting  at  128°,  with  a  powerful  musk  odour.  The  corre- 
sponding butyl-xylyl-butyl  ketone  is  an  oil  boiling  at  185°  to 
190°  at  14  mm.,  and  its  dinitro  derivative  melts  at  151°,  and 
has  also  a  powerful  musk  odour.  An  error  occurs  in  the 
abstracts  of  this  paper  in  the  Chemical  Society's  Journal 
(1898,  p.  525),  where  the  propyl  and  butyl  groups  have  been 
rendered  butyl  and  amyl  respectively. 

Under  the  name  musk  ambrene  Messrs.  Chuit,  Naef  & 
Co.  prepare  a  nitrated  derivative  of  the  methyl  ether  of 
butyl-meta-cresylol,  which  has  a  characteristic  odour  and 
is  far  stronger  in  musk  odour  than  either  xylene  or  ketone 
musk. 

The  use  of  artificial  musk  is  fairly  extensive  for  per- 
fumery of  a  certain  kind,  where  powerful  odours  are  desired. 
It  finds  considerable  employment  in  the  scenting  of  toilet 
soaps,  a  little  alkali  improving  its  odour. 

It  will  here  be  convenient  to  mention  that  by  the  distilla- 
tion of  musk,  Schimmel  &  Co.  have  separated  a  small 
amount  of  an  essential  oil  of  which  the  principal  odoriferous 
ingredient  is  a  ketone  of  the  formula  C15H2sO,  or  C16H30O. 
This  body  is  termed  muskone,  and  has  a  specific  gravity 
0-927,  optical  rotation  -  10°  and  refractive  index  1-4790. 
It  forms  a  semicarbazone  melting  at  133°  to  134°.  It  is 
therefore  obvious  that  "artificial  musk"  (nitro-musk)  is 
not  in  any  way  identical  with  the  natural  musk  odour 
bearer. 

Artificial  Neroli— There  are  two  artificial  neroli  sub- 
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statutes  which  are  more  or  less  common  commercial  articles. 
One  of  these  is  a  crystalline  product  sold  under  the  name  of 
nerolin  at  about  Is.  6d.  per  ounce,  whilst  the  other  is  a 
"  synthetic  neroli  oil,"  sold  at  about  6s.  per  ounce. 

Nerolin  crystals  should  be  of  a  definite  character,  as  this 
body  is  expected  to  be  the  pure  compound — /3-naphtol 
methyl  ether,  of  the  constitution — 

CH  CH 

/\  /\ 
HC    C  CH 

HC    C    C .  OCH3 

CH  CH 

This  body  is  a  white  crystalline  compound,  melting  at  70° 
and  boiling  at  294°.  It  can  be  prepared  by  heating  5 
parts  of  /3-naphtol  with  5  parts  of  pure  methyl  alcohol 
and  2  parts  of  concentrated  sulphuric  acid  for  several  hours 
to  125°  under  low  pressure.  This  body  was  first  introduced 
into  commerce  under  the  name  Yara-yara,  although  the 
Yara-yara  of  commerce  is  now  described  as  having  an  acacia 
odour.  The  corresponding  ethyl  ether  C10H7OC2H5  melts  at 
37°,  and  boils  at  274°,  and  has  been  introduced  into  commerce 
under  the  name  "  Bromelia ".  In  some  price-lists  nerolin 
and  Bromelia  are  given  as  synonyms.  Its  odour  is  not  quite 
describable,  and  is  incorrectly  referred  to  that  of  pine-apples 
in  older  literature. 

Synthetic  neroli  oil,  being  a  mixture  of  various  bodies 
(see  neroli  oil)  is  naturally  much  more  variable  in  com- 
position. Whilst  the  well-known  alcohols  geraniol  and 
linalol,  together  with  their  acetic  esters,  enter  into  the 
composition  of  the  oil,  its  characteristic  odour  is  certainly 
due  to  other  bodies ;  of  these  the  best  defined,  the  discovery 
of  which  was  first  announced  by  E.  &  H.  Erdmann  (Berichte, 
1899,  p.  1213),  is  the  methyl  ester  of  anthranilic  acid.  This 
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body  is  a  crystalline  solid,  melting  at  25°  to  a  liquid  oil,  with 
a  fine  blue  fluorescence,  of  specific  gravity  1168  at  15°,  and 
boiling  at  132°  under  a  pressure  of  14  mm.  Its  constitution 
is — 

CH 

/\ 
HC    C .  NH2 

HC    COO .  CH3 

CH 

Anthranilic  acid  (oriAo-amidobenzoic  acid)  was  first  pre- 
pared from  indigo,  but  is  now  manufactured  by  reducing 
or^Ao-nitrobenzoic  acid  with  tin  and  hydrochloric  acid,  or  by 
oxidising  aceto-oH/io-toluidine  with  potassium  permanganate, 
and  boiling  the  resulting  product  with  hydrochloric  acid. 
The  pure  acid  forms  long  needles  melting  at  144°.  It  is 
converted  into  its  methyl  ester  by  means  of  condensation  with 
pure  methyl  alcohol  in  the  presence  of  acids. 

The  artificial  neroli  oils  of  commerce  are  very  uneven  in 
value,  as  their  composition  is  by  no  means  constant. 

Artificial  Lilac.  —  The  well-known  body,  terpineol 
Cl0Hl7OH,  possesses  an  odour  which,  especially  when  the 
substance  is  diluted,  more  closely  resembles  lilac  than  any 
other  flower.  At  the  same  time  it  recalls  elder  flowers  and 
hyacinth,  and  is  consequently  used  with  other  bodies  as  the 
basis  of  many  artificial  perfumes.  It  may  here  be  advisable 
to  emphasise  that  the  practical  perfumer  should  employ  pure 
terpineol  as  the  basis  of  his  floral  perfumes  of  this  nature,  as 
a  little  practice  will  soon  enable  him  to  reproduce  the  com- 
mercial products  by  the  admixture  of  the  proper  quantity  of 
other  substances.  Muguet  is  a  favourite  perfume,  of  a  more 
or  less  pronounced  lilac  odour  (although  the  name  is  merely 
the  French  equivalent  of  lily  of  the  valley).  A  mixture  of 
terpineol  (90  per  cent.)  with  palmarosa  oil  (10  per  cent.)  will 
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serve  the  purpose  of  this  perfume.  Syringol,  or  syringa  oil, 
may  be  replaced  by  terpineol,  if  necessary  with  the  addition  of 
traces  of  various  other  oils.  Lilacine  and  gardenia  extract  may 
be  substituted  by  a  mixture  of  terpineol  and  heliotropin  (10' 
to  20  per  cent.)  with  a  trace  of  linalol  or  geraniol.  In  general 
lilac  extracts,  or  "  white  lilac,"  may  be  regarded  as  solutions  of 
terpineol,  which  are  slightly  modified  by  the  addition  of  other- 
perfumes,  according  to  taste.  For  soap  perfumery  1  per  cent, 
of  terpineol  is  sufficient,  and  the  resulting  soap  is  admirably 
perfumed.  On  account  of  its  stability,  neither  heat,  alkalies, 
nor  acids  have  any  appreciable  effect  on  this  perfume,  hence 
its  utility  in  this  branch  of  perfumery.  For  excellent  results 
the  following  perfumes  may  be  added.  Oils  of  ylang-ylang, 
geranium,  sandalwood  or  rose,  or  crystalline  heliotropin. 
The  latter  body,  however,  does  not  stand  the  effects  of 
heat. 

Terpineol  comes  into  commerce  in  two  forms — the  liquid 
and  the  crystalline,  and  although  the  latter  is  by  far  the 
more  expensive,  the  former  is  of  finer  odour.  Many  com- 
mercial specimens  have  very  poor  odours  and  are  by  no- 
means  pure. 

It  appears  more  than  probable  that  pure  terpineol  (see 
page  43)  is  a  solid  crystalline  body,  melting  at  35°  and 
boiling  at  217°,  at  760  mm.  Its  specific  gravity  at  20°  in 
the  solid  state  is  '9057.  The  liquid  terpineol  of  commerce  is- 
in  all  probability  merely  terpineol  with  traces  of  impurities 
which  prevent  its  crystallising.  It  is  a  viscous  liquid,  of 
specific  gravity  -940  to  -945,  boiling  at  215°  to  218°.  It  is- 
optically  inactive,  but  Semmler  has  prepared  it  in  both 
optically  active  varieties  by  replacing  the  chlorine  in  both 
of  the  limonene  monohydrochlorides,  by  the  hydroxyl  group. 
Baeyer  has  synthesised  an  isomeric  terpineol,  of  similar 
odour,  which  occurs  in  crystals  melting  at  69°  to  70°,  and 
which  almost  certainly  has  the  constitution — 
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C(OH)  (OH,) 
H2C  CH2 
H,C  CH2 

C  :  C  (CH3)2 

Possibly  ordinary  liquid  terpineol  consists  of  a  mixture  of 
this  terpineol  and  that  of  melting  point  35°,  with  traces  of 
impurities.    (But  see  under  "  Terpineol  ".) 

The  ordinary  method  of  preparing  terpineol  is  from 
terpin-hydrate  C10H2o02  +  H20.  This  body  is  prepared  by 
(for  example)  the  following  process,  described  by  Hempel 
(Ann.  Ghem.,  xxx.,  p.  71) :  "Eight  parts  of  oil  of  turpentine 
are  mixed  with  two  parts  of  alcohol  and  two  parts  of  nitric 
acid  (specific  gravity  =  1*25)  in  a  flat  basin.  After  a  few 
days  the  liquid  is  poured  off  from  the  crystals  which  have 
already  separated,  and  is  neutralised  with  an  alkali,  after 
which  another  crop  of  crystals  separates.  The  preparation 
only  succeeds  during  cool  weather,  as  in  summer  a  resinous 
mass  is  usually  obtained."  Terpin-hydrate  forms  large, 
transparent  monosymmetric  prisms  melting  at  117°.  From 
this  body  Wiggers  obtained  by  the  action  of  hydriodic  acid  a 
•compound  which  was  investigated  by  List,  and  named  by 
him  terpineol.  It  was  described  as  a  colourless  oil  with  a 
pleasant  odour  of  hyacinths.  Tilden  (Jour.  Ghem.  Soc, 
xxxiii.,  p.  247,  and  xxxv.,  p.  287)  showed  that  this  was 
a  mixture  of  at  least  one  terpene  with  an  oxygenated  body, 
and  Wallach  (Annalen,  ccxxx.,  p.  251)  showed  that  it  was  a 
mixture  of  the  terpenes  dipentene,  terpinene  and  terpinolene 
with  the  oxygenated  body  terpineol  C10Hi7OH. 

There  is  on  the  market  also  a  body  called  terpino- 
lene, which  is  not  the  pure  terpene  of  this  name,  but  a 
mixture  of  the  terpenes  obtained  when  manufacturing  ter- 
pineol, and  which  is  offered  as  a  cheap  lilac  perfume.  It 
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•can  scarcely  be  recommended,  however,  as  its  odour  is  very 
weak. 

Terpineol  is  prepared  in  various  ways.  According  to 
Voiry  and  Bouchardat,  terpin-hydrate  is  heated  with  very 
dilute  sulphuric  acid  (1  per  cent.),  and  the  resulting  terpineol 
is  purified  by  crystallisation  and  fractionation.  Wallach 
{Annalen,  ccxxx.,  p.  264)  recommends  treating  twenty-five 
parts  of  terpin-hydrate  with  fifty  parts  of  phosphoric  acid 
(specific  gravity  =  112).  The  resulting  product  is  steam- 
distilled  and  fractionated.  Flawitzky  (Berichte,  xii.,  p.  2354) 
recommends  allowing  one  part  of  French  turpentine  oil  to 
stand  for  twelve  hours,  with  half  its  weight  Of  concentrated 
sulphuric  acid  and  one  and  a  half  times  its  weight  of  90 
per  cent,  alcohol.  Eenard  recommends  the  electrolysis  of  a 
mixture  of  alcohol,  turpentine  and  sulphuric  acid.  Bertram 
a,nd  Walbaum  have  patented  the  following  method  (German 
patent,  67,255).  Two  kilogrammes  of  acetic  acid  are  mixed 
with  50  grammes  of  sulphuric  acid  and  50  grammes  of  water. 
Into  the  mixture,  which  should  not  be  allowed  to  rise  above 
50°  C,  1  kilogramme  of  rectified  turpentine  oil  is  poured,  in 
portions  of  200  grammes  at  a  time.  After  cooling  and  stand- 
ing the  liquid  is  diluted  with  water  and  shaken  with  soda 
solution.  The  product  consists  of  terpinene  and  terpineol 
esters,  which  are  separated  by  fractional  distillation.  The 
esters,  on  treatment  with  alcoholic  potash,  yield  terpineol. 

Ertschikowsky's  process  consists  of  allowing  450  grammes 
of  pinene  to  stand  for  a  day  with  900  grammes  of  acetic  acid 
and  100  grammes  of  zinc  chloride.  The  reaction  product 
contains  several  bodies,  amongst  which  is  terpineol  acetate, 
which  on  saponification  yields  solid  terpineol. 

In  order  to  keep  this  perfume  at  its, best  it  should  be 
stored  in  well-corked,  dark-coloured  bottles. 

Artificial  Hyacinth. — Several  artificial  hyacinth  oils  are 
on  the  market  which  are  fairly  good  imitations  of  the  natural 
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perfume.  As  has  been  already  mentioned,  terpineol  has  a 
certain  resemblance,  although  not  a  very  close  one,  to  this 
perfume,  hence  it  forms  an  ingredient  in  most  of  the 
commercial  "hyacinth  extracts,"  etc.  The  artificial  oils, 
however,  contain  several  bodies  of  powerful  odour,  but  their 
exact  composition  is  kept  as  a  trade  secret,  and  their  analyses 
have  not  been  published.  The  following  bodies,  however, 
in  addition  to  terpineol,  have  odours  recalling  hyacinths, 
and  doubtless  enter  into  the  composition  of  the  artificial 
oils : — 

a-Chlorstyrolene  and  a-bromstyrolene  are  both  oils  of 
characteristic  hyacinth  odour.  Styrolene  or  phenyl-ethylene 
G6H5  .  CH  :  CH2  is  a  hydrocarbon  occurring  in  storax,  but  it 
can  easily  be  produced  by  several  synthetic  Reactions,  such 
as  by  the  action  of  alcoholic  potash  on  bromethyl  benzene, 
C6H5  .  CH2  .  CH2Br.  It  is  best  obtained  by  acting  with  soda 
solution  on  /3-bromhydrocinnamic  acid.  It  is  a  mobile, 
strongly  refracting  liquid  of  agreeable  odour.  It  is  optically 
inactive,  boils  at  144°,  and  has  a  specific  gravity  "925  at  0°. 
It  yields  two  series  of  derivatives  in  which  the  hydrogen 
of  the  side  chain  suffers  replacement.  For  example,  the 
bromine  derivatives  have  the  constitutions — 

CH  CH 

/\  /\ 
HC    CH  HC  CH 

II  II 
HC    CH  HC  CH 


C  .  CH  :  CHBr  C  .  CBr  :  CH, 

a-bromstyrolene.  fi-bromstyrolene. 

It  is  remarkable  that  the  /3-bromine  and  chlorine  derivatives 
are  oils  which  have  a  penetrating  odour,  producing  a  copious 
flow  of  tears ;  the  a  derivatives  are  oils  with  a  sweet,  hyacinth- 
like odour.  a-Chlorstyrolene  boils  at  199°,  and  o-brom- 
styrolene  melts  at  7°  and  boils  at  220°.    The  derivatives  here 
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described  as  a  are  designated  <w  in  Beilstein,  while  the  deriva- 
tives here  described  as  /3  are  described  as  a  by  that  authority. 

Styryl  alcohol  C9H10O,  also  known  as  cinnamyl  alcohol 
or  cinnyl  alcohol  or  styrone,  has  a  powerful  odour,  recalling 
hyacinths.    It  has  the  constitution — 

CH 

/\ 
HC  CH 

I  I 
HC  CH 

\/. 

C  .  CH  :  CH  .  CH2  .  OH 
and  is  obtained  by  saponifying  its  cinnamic  ester,  styracine, 
which  occurs  in  storax  and  balsam   of  Peru.    It  forms 
shining  needles,  melting  at  33°  and  boiling  at  250°. 

Benzyl  alcohol  C6H5  .  CH2  .  OH  is  an  aromatic  body  in 
which  the  odour  of  bitter  almonds  and  hyacinths  may  be 
traced.  It  is  easily  produced  by  various  reactions,  amongst 
which  is  the  action  of  water  on  benzyl  chloride.  The  latter 
body  is  obtained  by  the  action  of  cblorine  on  boiling  toluene, 
and  is  converted  into  benzyl  alcohol  by  boiling  with  water 
and  lead  hydroxide,  or  even  with  water  alone : — 

C(;H5CH2C1  +  H20  =  C6H0CH2OH  +  HC1. 

Pure  benzyl  alcohol  is  a  liquid  of  specific  gravity  P0628 
at  0°,  or  1-0507  at  15°,  and  boils  at  206°. 

Artificial  hyacinth  oil  no  doubt  contains  some  or  all  of 
these  bodies  with  possibly  some  aromatic  esters  in  addition. 

Artificial  Lemon  Oil. — There  are  on  the  market  pre- 
parations which  bear  the  label  "synthetic  oil  of  lemon  (ter- 
peneless)  "  and  which  possess  a  strong  lemon  odour.  The 
term  synthetic  is,  in  the  author's  opinion,  quite  unjustifiable, 
as  samples  he  has  examined  consist  chiefly  of  lemon-grass 
citral,  which  is  not  a  synthetic  product.  Citral  in  a  diluted 
form  has  been  strongly  recommended  as  a  substitute  for 
lemon  oil  by  Messrs.  Schimmel  &  Co.,  who  in  their  report 
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for  October,  189G,  say  that  75  grammes  of  citral  would  suffice 
as  a  substitute  for  1  kilo  of  oil  of  lemon.  But  its  flavour  is 
somewhat  wanting  in  the  degree  of  freshness  characteristic 
of  good  lemon  oil ;  but  this  slight  deficiency  is  fully  neutral- 
ised by  an  addition  of  lemon  oil.  Therefore  citral  is  now 
generally  used  in  combination  with  oil  of  lemon.  The  most 
approved  proportion  is  100  grammes  of  citral  to  1,400  grammes 
of  oil  of  lemon.  This  is  equivalent  in  odoriferous  strength 
to  3  kilogrammes  of  oil  of  lemon. 

"  Fifteen  grammes  of  the  mixture  are  sufficient  for  making 
1  hectolitre  of  lemon  liquor,  and  this  remains  clear  even  if  it 
contains  only  30  per  cent,  of  alcohol.  For  making  lemon 
syrup  to  be  used  for  lemonades,  20  to  25  grammes  are  suffi- 
cient for  100  kilos  of  syrup.  When  the  use  of  citral  is  pre- 
ferred without  the  addition  of  oil  of  lemon,  the  following 
solution  deserves  the  preference  :  75  grammes  of  citral  and 
925  grammes  of  alcohol  (95  per  cent.).  This  equals  1  kilo- 
gramme of  oil  of  lemon  in  odoriferous  power." 

This  statement  is  in  the  author's  opinion  hardly  correct. 
Citral  is  in  no  sense  a  substitute  for  oil  of  lemon.  Not  only 
does  it  lack  the  fine  aroma  which  the  presence  of  aromatic 
esters  such  as  geranyl  acetate,  and  other  as  yet  unidentified 
bodies  give  to  true  lemon  oil,  but  it  is  very  difficult  to  remove 
from  it  the  last  traces  of  the  lemon-grass  odour  and  taste, 
which  by  no  means  improve  it  for  the  purpose  for  which  it  is 
recommended.  Further,  the  fact  that  the  solution  of  citral 
in  alcohol  is  admitted  to  lack  the  characteristic  lemon  fresh- 
ness, makes  it  exceedingly  illogical  to  say  that  the  deficiency 
is  neutralised  by  adding  true  lemon  oil.  What  actually 
happens  is  that  the  true  lemon  oil  covers  the  poor  odour  of 
the  artificial  mixture,  but  merely  gives  to  the  whole  the 
average  value  of  the  ingredients.  Users  of  lemon  oil  should 
not  be  deceived,  however,  by  the  term  "synthetic  oil  of 
lemons  ".    If  a  cheap  substitute  is  wanted  it  should  be  bought 
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under  the  name  of  citral,  and  the  individual  user  must  then 
decide  for  himself  whether  it  suits  his  purpose. 

Artificial  Rose  Oil. — Although  numerous  "  artificial  "  and 
"synthetic"  rose  oils  are  listed  by  various  firms,  there  is 
nothing  which  quite  resembles  the  natural  otto  of  roses. 
These  artificial  ottos  or  oils  of  roses  are,  as  a  rule,  merely 
clumsy  imitations  of  the  natural  product.  The  absurdity 
of  some  of  them  is  accentuated  when  they  not  only  imitate 
the  true  oil  in  odour  but  also  in  appearance,  for  the  crystal- 
line stearoptene  of  natural  oil  of  roses  is  quite  odourless,  but 
yet  some  "artificial"  oils  are  made  to  solidify  at  the  same 
temperature  as  the  genuine  oil.  Indeed  in  most  cases  arti- 
ficial oils  of  roses  may  be  described  as  quite  unscientific 
attempts  at  artificial  perfumery.  The  two  best  defined 
constituents  of  oil  of  roses  are  the  alcohols  geraniol  and 
citronellol,  and  these  bodies  with  a  trace  of  their  acetic  esters 
will  produce  as  good  an  "artificial  oil  of  roses"  as  may  be. 
A  little  genuine  oil  of  roses  is  frequently  added  to  make  the 
substitute  a  little  more  passable.  The  chemistry  of  geraniol 
and  citronellol  has  already  been  dealt  with  at  some  length, 
but  the  following  details  of  the  practical  methods  of  their 
preparation  will  not  be  out  of  place  in  the  present  chapter. 

Geraniol  C10H17OH  (see  page  52)  has  been  the  subject 
of  several  patents.  Amongst  these  may  be  classed  that  for 
the  preparation  of  "rhodinol"  from  geranium  and  pelar- 
gonium oil  (German  patent  80,007).  To  prepare  rhodinol 
the  oil  is  distilled  under  reduced  pressure  (14  mm.),  and  the 
fraction  120°  to  130°,  consisting  of  impure  rhodinol,  is  heated 
in  an  autoclave  with  acetic  anhydride,  and  the  resulting  esters 
are  fractionated.  The  fraction  127°  to  132°,  consisting  of  the 
acetic  ester  of  "rhodinol,"  is  saponified  with  alkali,  and  the 
resulting  oil  is  fractionated  in  vacuo.  The  portion  distilling 
between  120°  and  125°  is  an  oily  colourless  fluid  with  a  rose- 
like odour,  and  is  the  commercial  rhodinol. 
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A  patent  was  taken  out  for  the  preparation  of  geraniol  from 
■citronella  oil  by  Schimmel  &  Co.  (German  patent  76,435). 
Here  either  the  citronellic  aldehyde  is  removed  by  means  of 
alkaline  bisulphite  or  polymerised  by  alkalies,  and  the  geraniol 
obtained  by  fractional  distillation. 

Jacobsen's  method,  which  is  adopted  for  the  purification 
of  geraniol,  depends  on  the  fact  that  geraniol  yields  a  crystal- 
line compound  with  calcium  chloride.  The  geraniol  contain- 
ing fractions  of  the  oil  are  well  rubbed  with  freshly  fused 
calcium  chloride  and  the  mixture  allowed  to  stand  in  vacuo 
at  a  low  temperature.  The  compound  2C10HlsO .  CaCL> 
crystallises  out  and  is  washed  with  absolute  ether  and 
•decomposed  with  water,  when  pure  geraniol  is  set  free. 
The  geraniols  of  commerce  vary  very  much  in  odour  (and 
therefore  in  purity),  but  the  best  varieties  do  not  possess 
anything  like  so  fine  an  odour  as  rose  oil.  It  is  customary, 
too,  to  distil  geraniol  over  various  flowers,  such  as  roses, 
mignonette,  or  hyacinths,  and  sell  the  resulting  perfume  as 
rose-geraniol,  mignonette-geraniol,  etc.  These  perfumes  are 
of  much  more  delicate  and  finer  odours  than  ordinary  geraniol. 
Citronellol  occurs  associated  with  geraniol,  and  unless  removed 
specially,  always  occur  in  the  alcoholic  bodies  separated  from 
the  various  geranium  oils.  The  compounds  described  under 
the  names  of  rhodinol,  reuniol  and  roseol  appear  to  be  mix- 
tures of  both  alcohols. 

Mentho-citronellol  (q.v.)  C10H19OH,  prepared  by  Wallach  ' 
(Ann.  Chem.,  cclxxviii.,  p.  302,  and  ccxcvi.,p.  129),  is  possibly 
identical,  possibly  isomeric  with  citronellol.  It  has  a  strong 
rose  odour.  A  body  patented  by  Schering  (German  patent 
96,657),  and  which  is  described  under  the  name  di-methyl- 
heptadineol,  also  possesses  a  strong  rose  odour.  This  body, 
which  possesses  the  formula  C9H1(iO,  has  a  fair  rose  odour. 
It  is  prepared  by  a  series  of  very  complex  reactions,  but  as  the 
body  has  not  much  practical  interest  the  reader  is  referred  to 
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the  original  patent  for  the  details.  For  other  compounds 
existing  in  otto  of  roses,  see  under  Oil  of  Eoses.  Dr.  P. 
Chuit  has  succeeded  in  imitating  several  individual  roses, 
such  as  the  Marchal  Niel,  with  marked  success,  by  the  use 
of  artificial  perfumes  entirely.  The  composition  of  such  oils 
is  kept  a  trade  secret. 

Niobe  Oil. — The  synthetic  perfume  sold  under  this  name 
is  merely  methyl  benzoate  C6H5 .  COOCH3.  It  is  a  liquid  of 
specific  gravity  1-103  at  15°,  and  boils  at  195°  to  196°.  It 
can  be  prepared  by  dissolving  benzoic  acid  in  excess  of 
methyl  akjohol  CH3OH,  and  saturating  the  solution  with 
dry  hydrochloric  acid  gas.  The  whole  is  warmed  to  100°  for 
a  few  hours,  and  then  water  is  added,  which  throws  out  the 
oil  which  is  purified  by  rectification. 

Artificial  Orchids. — The  basis  of  the  artificial  orchid 
perfumes  is  amyl  salicylate  C6H4(OH)(C02C6Hu).  This  ester 
has  a  marked  perfume  value  and  its  odour  is  modified  to 
taste  by  the  addition  of  small  quantities  of  other  esters  and 
alcohols. 

Bergamiol. — This  body,  which  is  used  as  a  substitute  for 
bergamot  oil,  and  which  it  resembles  very  fairly,  is  simply 
linalyl  acetate  C10H17 .  C2H302  (q.v.).  It  is  prepared  by 
heating  linalol  with  the  calculated  quantity  of  acetic  an- 
hydride for  a  few  hours  and  distilling  the  resulting  oil  under 
reduced  pressure  after  being  washed  with  weak  alkali.  It  is 
purified  by  rectification  in  vacuo. 

Artificial  Jasmin  Oil.— The  natural  jasmin  perfume  is 
due  to  an  essential  oil  (q.v.),  but  as  this  is  both  exceedingly 
delicate  and  expensive,  it  is  generally  extracted  in  the  form 
of  a  pomade.  There  are,  however,  several  brands  of  syn- 
thetic oil  of  jasmin  on  the  market,  the  exact  composition  of 
which  is  kept  secret.  None  of  them  are  single  compounds, 
but  are  mixtures  of  several  odoriferous  bodies  which  together 
reproduce  the  jasmin  perfume  very  fairly.    According  to 
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Verley  (Comptes  Rendus,  30th  Jan.,  1899),  the  natural  oil 
consists  of  about  10  per  cent,  of  linalol  and  90  per  cent, 
of  phenyl-glycol-methylene  acetal.  These  results  led  to  the 
taking  out  of  a  French  patent  for  artificial  oil  of  jasmin. 
Hesse  and  Miiller  deny  the  existence  of  the  latter  body  in 
jasmin  oil,  or  that  it  has  a  jasmin  odour.  They  claim  that 
benzyl  acetate  is  the  chief  constituent  of  the  oil,  and  they 
state  that  the  average  composition  of  the  oil  is  as  follows: 
benzyl  acetate,  65  per  cent.  ;  linalyl  acetate,  7 "5  per  cent. ; 
benzyl  alcohol,  6  per  cent.  ;  linalol,  16  per  cent.  About  5 
per  cent,  of  other  odorous  bodies  occur,  the  nature  of  which 
is  not  given.  As  previously  stated,  secondary  styrolyl 
acetate  C6H5 .  CH  (0  .  COCH3)  CH3  has  a  marked  jasmin 
odour.  Artificial  jasmin  oil  is  made  on  the  basis  of  these 
researches,  although  probably  small  quantities  of  some 
bodies  not  generally  known  are  added  by  the  manu- 
facturers. The  chemistry  of  benzyl  alcohol,  linalol  and 
linalyl  acetate  has  already  been  referred  to  in  detail. 
Benzyl  acetate  is  a  liquid  of  specific  gravity  T057,  pre- 
pared by  acetylating  the  alcohol.  Its  boiling  point  is  206°. 
Secondary  styrolene  acetate  is  an  oil  boiling  at  217°  to  220° 
prepared  in  the  following  manner.  Ethyl-benzene  CGH5 .  C2H5 
is  prepared  by  heating  benzene  with  aluminium  chloride  and 
ethyl  bromide.  By  acting  on  this  body  with  bromine  at 
the  boiling  temperature  of  the  liquid,  /S-brom-ethyl-benzene 
C6H5 .  CHBr .  CH3  is  formed,  which  by  the  action  of  silver 
acetate  and  acetic  acid  is  converted  into  secondary  styrolyl 
acetate  C6H5 .  CH(0 .  COCH3)  CH3.  The  ketone,  jasmone,  has 
also  to  be  considered  in  taking  into  account  the  odour  value 
of  this  oil. 

Artificial  Cognac  Oil— Cognac  oil,  which  is  perhaps  not 
an  essential  oil  in  the  fullest  sense,  is  prepared  by  distilling 
wine  lees  with  seven  or  eight  times  their  weight  of  water. 
It  is  the  commercial  "  cenanthic  ether,"  but  is  in  reality  a 
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mixture  of  various  ethers  of  several  of  the  higher  fatty  acids, 
and  is  used  for  flavouring  poor  quality  brandies  made  from 
corn,  spirit,  etc.,  and  for  flavouring  various  liqueurs,  etc. 
The  artificial  oil  is  easily  made  from  the  ethyl  ethers  of 
oenanthylic,  caprylic  and  capric  acids.  OEnanthylic  ether 
CH3(CH2)5 .  C02C2H5  is  a  liquid  boiling  at  188°.  Caprylic 
ether  CH3(CH2)aC02 .  C2H5  boils  at  207u  to  208°,  and  capric 
ether  CH3(CH2)S .  C02C2H6  boils  with  decomposition  between 
'240°  and  245°.  The  ethers  prepared  from  the  fatty  acids  of 
cocoanut  oil,  which  include  caprylic,  caproic,  capric,  lauric, 
myristic  and  palmitic  acids,  are  used  as  a  basis  for  cognac 
essence. 

The  researches  of  Ordonneau  (Comptes  Rendus,  cii.,  p. 
217)  are  of  great  importance,  as  they  embrace  an  exhaustive 
examination  of  a  sample  of  cognac  twenty-five  years  old  of 
very  fine  quality.  He  was  able  to  identify  the  following 
bodies  in  this  brandy,  and  from  these  results  an  excellent 
artificial  cognac  oil  can  be  made,  with  modifications  to  suit 
individual  tastes.    He  found  in  each  100  litres : — 


Acetic  aldehyde . 

3  grammes. 

Amine  bases 

4  grammes. 

Acetal 

35 

Ethyl  acetate 

•    35  „ 

Butyl  alcohol 

218-6  „ 

Propyl  alcohol 

•  *o  „ 

Hexyl  alcohol  . 

1-5  „ 

Amyl  alcohol 

Propionic,  butyric  and 

CEnanthic  ether  . 

caproic  ethers 

3 

At  the  same  time,  it  |must  be  remembered  that  these 
results  are  exceptional,  and  the  ordinary  cognac  oil  is  chiefly 
composed  of  ethers,  the  most  important  being  cenanthic 
ether.  .  • 

Artificial  oils  of  almond  (benzaldehyde  and  nitrobenzene), 
cassia  (cinnamic  aldehyde),  wintergreen  (methyl  salicylate), 
garlic  (allyl  sulphide),  and  mustard  (allyl  isothiocyanate) 
have  already  been  described  under  their  respective  oils. 
These  are  all  chemical  individuals,  and  may  be  called  true 
synthetic  oils,  and  in  this  respect  differ  from  many  of  the 
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above-mentioned  "  artificial  oils  ".  The  former  are  definite 
bodies  of  definite  characteristics,  whereas  the  latter  are 
mixtures  of  several  odorous  constituents,  which  vary  in 
proportions  in  the  different  brands  on  the  market,  and  with 
a  supply  of  the  more  common  aromatic  alcohols,  esters  and 
other  bodies,  the  intelligent  perfumer  can  reproduce  very  fairly 
many  of  the  natural  perfumes.  At  the  same  time  it  should  be 
remembered  that  it  is  an  almost  general  rule  that  the  artificial 
perfumes  have  usually  a  harsher  and  less  delicate  odour  than 
the  natural  ones,  and  in  some  cases  are  only  very  poor 
substitutes.  In  certain  cases,  however,  this  is  not  so, 
and  an  almost  unlimited  field  of  research  exists  in  the 
chemistry  of  perfumes  with  a  view  to  their  synthetic  pro- 
duction. Eegard,  however,  should  be  paid,  not  only  to  the 
main  odorous  constituent  of  a  given  perfume,  but  also  to 
the  traces  of  other  bodies  which  exist,  and  which  modify  the 
odour  to  that  extent  which  determines  the  difference  between 
the  artificial  and  the  natural  perfume.  When  more  attention 
is  paid  to  this  point,  the  artificial  product  will  more  closely 
resemble  the  natural  body.  As  examples,  one  may  quote 
pure  benzaldehyde  and  pure  cinnamic  aldehyde.  These 
cannot  be  mistaken  by  an  expert  nose  for  natural '  oils  of 
almond  and  cassia  respectively.  Some  traces  of  other 
odorous  bodies  are  missing,  and  to  such  traces  of  bodies 
existing  in  essential  oils  great  attention  should  be  paid. 
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A. 

Abies  alba,  oil  of,  158 

—  excelsa,  oil  of,  157 

—  regina,  oil  of,  158 

—  (various  species),  166 
Absorption  processes,  130 
Acetaldehyde,  78 
Acetic  acid,  77 
Acetylation,  116 
Achillea  oils,  328 
Acid,  acetic,  77 

—  angelic,  77 

—  benzoic,  74 

—  butyric,  77 

—  caproic,  77 

—  cascarillic,  243 

—  cinnamic,  75 

—  hydrocyanic,  78 

—  isobutyric,  77 

—  myristic,  193 

—  propionic,  77 

—  salicylic,  74 

—  santalic,  254 

—  sedanolic,  350 

—  sedanonic,  350 

—  teresantalic,  254 

—  tiglic,  77 

—  valeric,  77 
Acids  in  essential  oils,  74 
Acids,  77 

—  of  camphor,  38 
Acorus  spuriosus,  oil  of,  189 
Acrimyl  iso-thiocyanate,  464 
Adulterants  of  lavender  oil,  267 

—  of  lemon  oil,  419 

—  of  oil  of  almonds,  413 

—  of  otto  of  roses,  405 

—  of  spike  oil,  271 
Adulteration  of  aniseed  oil,  337 

—  of  bay  oil,  367 

—  of  cassia  oil,  218 

—  of  oil  of  rosemary,  275 
African  santal-wood  oil,  259 


!  Ajowan  oil,  352 
Alcohol,  benzyl,  70,  509 

—  butyl,  76 

—  cinnamic,  71 

—  ethyl,  76 

—  fenchyl,  38 

—  free,  determination  of,  116 

—  hexyl,  76 

—  isoamyl,  76 

—  isobutyl,  76 

—  isopropyl,  76 

—  methyl,  76 

—  octyl,  76 

—  phenyl-ethyl,  408 

—  propyl,  76 

—  styryl,  70,  509 

—  thujyl,  40 
Alcohols,  70,  76 

—  determination  of,  116 

—  (tables),  119  et  seq. 
Aldehyde,  anisic,  72,  135 

—  benzoic,  71 
— ■   cinnamic,  72 

—  citronellal,  62 

—  cumic,  72,  136 

—  decyl,  137 

—  isovaleric,  78 

—  nonyl,  137 

—  salicylic,  72 

—  valeric,  78 
Aldehydes,  71,  78 

—  determination  of,  134 
Aliphatic  compounds,  75 
Allium  ursinum,  oil  of,  191 
Allspice  oil,  358 
Allyl-dioxybenzene,  66 
Allyl  sulphide,  78 

—  tetroxybenzene,  68 

—  thiocyanates,  78,  461 
Almonds,  oil  of  bitter,  134,  4O0 
Aloysia  citriodora,  310 
Ambrosia  oil,  332 
American  turpentine,  147 

—  worm-seed  oil,  324 
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Amnion iacum  oil,  354 
Amygdalin,  71,  410 
Amyl  salicylate,  513 
Amyrol,  259  ' 
Amyrolin,  26J 
Anacardiacese,  447 
Analysis  of  essential  oils,  99 
Andropogon  oils,  167 

—  odoratus,  oil  from,  187 
Anethol,  65 

—  isomers  of,  65 
Angelic  acid,  77 
Angelica  oil,  352 
Angiosperms,  oils  of  the,  167 
Angostura  oil,  445 

Anise  fruit,  332 
Aniseed  oil,  332 

—  —   adulteration,  337 

—  —    yield,  334 
Anisic  aldehyde,  72,  482 
Anol,  65 
AnonaceEe,  471 

Apiol,  68,  352 

—  dill,  346 
Apricot  kernel  oil,  408 
Aristolochieee,  260 
Arnica  oil,  329 
Aromadendral,  383,  386 
Aromadendrene,  383 
Artemisia  oils,  323,  325,  326 
Artificial  cognac  oil,  514 

—  hawthorn  perfume,  482 

—  hyacinth,  507 

—  jasmin  oil,  513 

—  lemon  oil,  509 

—  lilac,  504 

—  musk,  496 

—  —    Baur's  patent  for,  498 

—  neroli,  502 

—  orchids,  513 

—  perfumes,    chemistry  of, 

473 

—  rose  oil,  511 

—  sassafras  oil,  233 

—  violet  perfume,  483 
Asafcetida  oil,  354 
Asaraldehyde,  68 
Asarol,  68,  261 
Asarum,  oil  of,  261 
Atractylene,  28 
Aubepine,  482 
Aurantiol,  50 
Australene,  11 

Average  yield  from  plants,  98 


B. 

Backhousia  oil,  180 

Balm  oil,  305 

Bark  oil,  canella,  468 

—  —   wild  cherry,  414 

—  —   Winter's,  466 
Basil  camphor,  308 

—  —   oil,  3,  308 
Bay  oil,  237,  366 

—  —    adulteration  of,  367 
Bay  berry  oil,  209 

Baur's  patent  for  artificial  musk, 
498 

Bengal  cardamom  oil,  201 
Benzaldehyde,  71,  134,  411 
Benzene  compounds,  63 
Benzoic  acid,  74 
Benzyl  alcohol,  70,  509 

—  —    benzoate,  70 
Bergamiol,  513 
Bergamot  oil,  438 
Betel  oil,  205 

—  phenol,  205 
Betula  oil,  243,  315 
Biquartz  polariser,  108 
Birch,  oil  of  sweet,  315 
Bisulphite  absorptions,  131 
Bitter  almonds,  oil  of,  409 
Blumea  balsamifera,  34 
Boiling  point,  113 

Bois  de  rose  femelle,  312 
Borneo  camphor,  34 
Borneol,  34 
Bornyl  acetate,  35 

—  esters,  35 
Bromelia,  503 
Bromostyrolene,  508 
Buchu,  oil  of,  444 
Bugle  weed  oil,  309 
Burseracece,  449 
Butyl  alcohol,  76 
Butyric  acid,  77 

C 

Cadinene,  25,  156 
Cajuput  oil,  394 
Cajuputol,  48 
Calamus  oil,  187 
Californian  bay  oil,  237 
Camel  grass  oils,  186 
Camphene,  12 

—  constitution  of,  34 
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Camphor,  36 

—  artificial,  11,  36 

—  oil,  230 

—  preparation  of,  231 

—  series,  34 
Canadian  goldenrod  oil,  330 

—  snake-root  oil,  261 
Cananga,  oil  of,  471 
Canella  bark  oil,  468 
Cannabinacese,  206 
Cannabinol,  208 

Cannabis   indica,  sesquiterpene 

from  oil  of,  30 
Caparrapene,  238 
Caparrapi  oil,  238 
Caparrapiol,  238 
Caprifoliacese,  332 
Caproic  acid,  77 
Caraway  oil,  135,  340 
Cardamom  oil,  196,  200,  201 
Cardamoms,  197 
Carlina  oil,  329 
Carrot  oil,  354 
Carvacrol,  69,  70 
Carvene,  341 
Carvestrene,  20 

—  synthesis  of,  21 
Carvol,  73 
Carvone,  73,  135 
Carvotanacetone,  42 
Caryophyllene,  26 
Cascarilla  oil,  243 
Cassia  budsticks,  219 

—  leaves,  219 

—  oil,  136,  210 

—  —   adulteration  of,  218 

—  —   examination  of,  221, 222 

—  —    still,  215 

—  oil  yield,  220 

—  plantations,  212 
Catmint  oil,  309 
Cayenne  wood  oil,  452 
Cedar-leaf  oil,  161 
Cedar  camphor,  27 

—  oil,  144 

—  —    corinto,  146 
Cedrat  oil,  139,  442 
Cedrela,  oil  of,  145 
Cedrela-wood  oil,  460 
Cedrene,  27,  144 
Cedrol,  27,  145 

Cedrus  Attantica,  oil  of,  146 
Cedrus  Libani,  oil  of,  145 
Celery  oil,  350 


Chamomile  oil,  321 
Champaca  oil,  466 
Chassis  a  huile,  96 
Chavibetol,  66 
Chavicol,  64 
Cheken-leaf  oil,  396 
Chemistry  of  artificial  perfumes, 
473 

Chenopodiacese,  209,  324 
Chenopodium  oil,  209,  324 
Cherry  bark  oil,  wild,  414 

—  laurel  oil,  414 
Chian  turpentine  oil,  447 
Chlorostyrolene,  508 
Cineol,  48 

Cinnamic  acid,  75 

—  alcohol,  71 

—  aldehyde,  72,  136 

—  —    determination  of,  132, 

222,  223 
Cinnamon  leaf  oil,  226 

—  oil,  136,  224 
Cistinese,  465 
Cistus  oil,  465 
Citral,  55,  136,  179,  423 

—  constitution  of,  55 

—  from  citronellal,  separation 

of,  60 
Citraptene,  417 
Citron  oil,  139,  442 
Citronella  oil,  168 

—  —   sesquiterpene  from,  32 
Citronellal,  62,  136 
Citronellol,  58 

—  from  geraniol,  separation 

of,  61 

—  group,  49 
Clary  oil,  307 
Clovene,  28 
Cloves,  oil  of,  359 
ClusiaceEe,  468 
Cochlearia  oil,  464 
Cognac  oil,  artificial,  514 
Composita^,  321 

Composition  of  essential  oils,  7 
Compounds  in  essential  oils,  10 
Compounds,  sulphur,  78 
Convolvulacere,  312 
Convolvulus  oils,  312 
Copaiba  oil,  448 
Coriander  oil,  344 
Coriandrol,  50 
Corinto  cedar-wood  oil,  460 
Costus  oil,  330 
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Coumarin,  479 

—  production  of,  480 

—  solubility  in  alcohol,  480 
Cretic  origanum  oil,  30L 
Cross  fertilisation,  effect  of,  265 
Cruciferse,  460 

Cubeb  camphor,  203 

—  oil,  203 

—  —   false,  206 
Cuittapatti,  321 
Culilaban  oil,  234 
Cumic  aldehyde,  72,  136 
Cumin  oil,  136,  349 
Cummin  oil,  349 
Cupuliferse,  243 

Cyanacetic  acid  absorptions,  131 
Cymbopogon  oils,  167 
Cymene,  64 
Cypress-leaf  oil,  165 

D. 

Damiana  oil,  468 
Derivatives  of  phenols,  64 
Determination  of  esters,  115 

—  tables,  119  et  seq. 

—  of  free  alcohols,  116 

—  tables,  119  et  seq. 
Dextro-pinene,  11 
Dhelum,  outan,  302 

—  wangi,  302 
Dill  oil,  136,  345 
Diosphenol,  49,  444 
Dipentene,  15 

—  constitution  of,  17,  18 
Dipterocarpese,  469 
Distillation  (analytical),  113 

—  fractional,  113 

—  of  essential  oils,  89 
Dittany  oil,  310 

Dog  fennel  oil,  330 
Drimys  Winteri,  467 
Dryobalanops  camphora,  34 

E. 

Ecuelle  method  of  extracting  oils, 

84,  415 
Elder  oil,  330,  332 
Elecampene  oil,  331 
Elemi  oil,  453 

Enrleurage  process  of  extraction, 
95 

Ericaceae,  315 


Erigeron  oils,  331 
Essence  d'Avocatier,  236 
Essential  oils,  acids  in,  77 

—  —   analysis  of,  99 

—  —   composition  of,  7 

—  —   compounds  in,  10 

—  —   distillation  of,  89 

—  —    expression  of,  80 

—  —   extraction  of,  91 
Essential  oils,  optical  properties 

of,  7 

—  —    origin  of,  2 

—  —   preparation  of,  80 

—  —    properties  of,  1 

—  —   specific  gravity,  99 

—  —    systematic    study  of, 

142 

—  —   table  of  contents,  Ap- 

pendix II. 

—  —   yield  of  (table),  98 
Ester  theory,  263 

Esters,  determination  of,  115 

—  tables,  119  et  seq. 
Estimations,  quantitative,  of  con- 
stituents, 114 

Estragol,  66 
Estragon  oil,  326 
Ethyl  alcohol,  76 
Ethyl   succinate  as  adulterant, 
268 

Eucalyptene,  11 
Eucalyptol,  48 

—  determination  of,  370,  371 
Eucalyptus  oils,  368  et  seq. 

—  —   tables  of,  385  et  seq. 
Eudesmol,  373,  378 
Eugenol,  66 

—  determination  of,  361 
Euphorbiacese,  243 
Expression  of  essential  oils,  80 
Extraction  of  essential  oils,  91 

—  with  a  non-volatile  solvent, 

95 

—  with  a  volatile  solvent,  92 

F. 

Farnesol,  408 
Fenchene,  18 
Fenchone,  39 

—  constitution  of,  40 
Fenchyl  alcohol,  38 
Fennel  oil,  347 

—  —    dog,  330 
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Feverfew  oil,  323 
Fleabane  oil,  331 
Fir  cone  oil,  157 
Firpene,  24 
Foin  coupe,  480 

Fractional  distillation  flasks,  114 
Frankincense  oil,  454 
Free  alcohols,determination  of,116 
French  oil  of  turpentine,  148 
Fritzsche's  patent  for  ionone,  493 

G. 

Galangal  oil,  196 
Galbanum  oil,  354 
Galipol,  445 
Gamopetala3,  261 
Gardenia  extract,  505 
Garlic  oil,  190 
Gaultheria  oil,  243,  315 
Geranaldehyde,  55 
Geraniacese,  455 
Geraniol,  52,  183-511 

—  constitution  of,  55 

—  detection  of,  53 

—  group,  49,  63 

—  preparation  of,  52 

—  separation  of,  from  citron- 

ellol,  61 
Geranium  oil,  455 

—  —    Indian,  180 
Geranyl  tiglate  (tables  for),  129 
German  chamomile  oil,  332 

—  oil  of  turpentine,  148 
Ginger  oil,  194 
Ginger-grass  oil,  184 
Goldenrod  oil,  330 
Grains  of  paradise  oil,  200 
Ground  ivy  oil,  310 
Guajacum  wood  oil,  446 
Gurjun  balsam  oil,  449,  469 
Gymnosperms,  oils  of  the,  142 

H. 

Hawthorn  perfume,  482 
Hedeoma  oil,  297 
Hedychium  oil,  203 
Helichrysum  oil,  332 
Heliotropin,  481 

—  prices  of,  482 
Hemp  oil,  208 

—  —    Indian,  208 
Heracleum  oil,  354 


Hexyl  alcohol,  76 
Hops,  oil  of,  206 
Horsemint  oil,  296 
Horseradish  oil,  465 
Humulene,  28,  207,  209 
Hyacinth,  artificial,  507 
Hydrocyanic  acid,  78 
Hyssop  oil,  309 

I. 

Ilicium  religiosum,  339 
Indian  geranium  oil,  180 

—  grass  oils,  167 

—  hemp  oil,  208 
Ionone,  56,  193,  483 
Iridese,  192 
Irone,  193,  484 
Isoamyl  alcohol,  76 
Isoapiol,  69 
Isoborneol,  36 
Isobutyl  alcohol,  76 
Isobutyric  acid,  77 
Isoeugenol,  67 
Isofenchyl  alcohol,  39 
Isopropyl  alcohol,  76 
Isopulegol,  45,  46 
Isopulegone,  45,  46 
Isosafrol,  67 
Isothujone,  42 
Isovaleric  aldehyde,  78 
Iva  oil,  328 

J. 

Jaborandi  oil,  446 

Japanese  peppermint  oil,  281 

—  star-anise  oil,  333 
Jasmal,  313 

Jasmin  oil,  312 

—  —   artificial,  314,  513 

—  —    composition  of,  314 
Jasmines,  312 

Jasmone,  314 
Juniper-bei'ry  oil,  155 
Juniper-wood  oil,  154 
Juniperus  virginiana,  oil  of,  144 

—  Bermudiana,  oil  of,  146 

—  Phoenicea,  oil  of,  157,  160 

—  virginiana,  oil  of,  161 

K. 

Kaempferia  oil,  202 
Kameroon  cardamom  oil,  200 
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Ketone  musk,  501 
Ketones,  73 

—  determination  of,  134 
Kiku  oil,  332 

Kuromoji  oil,  235 

L. 

Labiatse,  261 
Ladanum  oil,  465 
Lantana  camara,  310 
Laevopinene,  11 
Laurel  oil,  237 

—  —   cherry,  414 
Laurene,  11 

Laurent  half-shadow  instrument, 
110 

Laurinese,  210 
Lavandula  dentata,  270 

—  pedunculata,  270 

—  spica,  270 

—  stcechas,  270 

—  vera,  262 

—  retrogression  of,  265 
Lavender  oil,  262 

—  —    distillation,  262 
Lavendin,  265 

Ledene,  28 
Ledum  camphor,  319 
Leguminosse,  448 
Lemon-grass  oil,  136,  176 

—  petit-grain  oil,  433 

—  oil,  83,  137,  415 

—  —    adulterants  of,  419 

—  —   artificial,  509 

—  —   constituents  of,  417 
Lemon  Thyme  oil,  311 
Lena  Batu  oil,  172 
Licareol,  50 

Licarhodol,  51 

Light  oil  of  camphor,  232 

—  —    caraway,  341 
Lilac,  artificial,  504 
Liliacere,  190 
Limene,  33 

Limes,  oil  of,  139,  441 
Limetta,  oil  of,  441 
Limettin,  417 
Limonene,  14 

—  constitution  of,  17,  18 

—  derivatives  of,  15 

—  synthesis  of,  18 
Linaloe'oil,  312,  449 
Linalol,  53 


Linalyl  acetate,  54,  513 
Lippia  citriodora,  310,  312 
Lovage  oil,  350 

M. 

Mace  oil,  242 

Maceration  process  of  extraction, 
95 

Machina  process,  86 
Magnoliaceae,  466 
Maha  Pengiri  oil,  172 
Malvaceae,  470 
Mandarin  oil,  430 

—  petit-grain  oil,  433 
Manufacture  of  lemon  oil,  415 
Marjoram  oil,  301 

Marsh  tea  oil,  319 
Massoi  bark  oil,  235 
Massoyene,  11 
Masterwort  oil,  356 
Mastic  oil,  447 
Matico  camphor,  205 

—  oil,  205 
Matricaria,  oil  of,  322 
Meadowsweet,  oil  of,  415 
Melaleuca  oils,  395 
Meliaceae,  460 
Melissa  oil,  305 
Melting  points,  111 
Mentha  oils  (various),  295,  296 
Mentho-citronellol,  512 
Menthol,  46 

—  determination  of,  289 

Menthone,  47 
Meta-anethol,  65 
Methyl  alcohol,  76 

—  anthranilate  434,  503 

  —   determination  of,  437 

—  benzoate,  513 

—  chavicol,  65 

—  heptenonc,  62 

—  nonyl  ketone,  78 

—  propyl-phenol,  69 
_   salicylate,  315,  318 

Mew  oil,  356 
Michelia  oil,  466 
Mignonette  oil,  467 
Milfoil  oil,  328 
Mint  oil,  mountain,  298 
Mirbanc  oil,  413 
Monarda  oils,  296 
Mountain  mint  oil,  298 
_   wormwood,  325 
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Muguet  perfume,  504 
Mugwort  oil,  326 
Musk  ambrene,  502 

—  artificial,  496 

—  ketone,  501 

—  root  oil,  356 

—  seed  oil,  470 

—  xylene,  500 
Mustard  oil,  460 

—  —    white,  463 
Myrcene,  32 
Myricacese,  209 
Myristic  acid,  240 
Myristicefe,  239 
Myristicine,  68,  242 
Myristicol,  240 
Myrrh  oil,  453 
Myrtacese,  358 
Mvrtle  oil,  395 
Myrtol,  395 

N. 

Nepeta  oil,  309 
Neroli,  artificial,  502 

—  oil,  433 
Nerolin,  503 
Nerol,  54 

—  constitution  of,  55 
Nerolol,  51 

New  mown  hay,  480 
Ngai  camphor,  34 
Nigella  oil,  470 

Nine-carbon  atoms,  phenols  with, 
64 

Niobe  oil,  513 
Nitro-benzene  oil,  413 
Nutmeg,  239 

—  islands,  239 

—  oil,  240 

O. 

Ocimene,  32,  309 

Ocotea  oil,  452 

Octyl  alcohol,  76 

(Enanthic  ether,  514 

Oils  of  the  angiosperms,  167 

—  of  the  gymnosperms,  142 
Oleoptene,  9 

Olibene,  11 
Olefinic  terpcnes,  30 

—  sesquiterpenes,  32 
Onions,  oil  of,  191 


Opoponax  oil,  355,  454 

Optical  methods  of  analysis,  102 

—  properties  of  essential  oils,  7 
Orange  oil,  140,  428,  430 

—  pea  oil,  433 

—  terpeneless  oil  of,  430 
Origanum  oil,  298,  301 
Orris  oil,  192 
Ortho-anethol,  65 

Otto  of  roses,  396 

—  —   distilling,  398 

—  —   stearoptene  of,  402 

—  —    tables  of,  406 

P. 

Palo  Santo,  446 
Paracotene,  235 
Paracoto  bark  oil,  235,  467 
Paracotol,  235 
Paraffins,  79 
Parsley  oil,  351 
Pastinac  oil,  356 
Patchoulene,  28 
Patchouli  oil,  302 

—  —   adulteration  of,  304 

—  —    Perak,  303 
Peach-kernel  oil,  408 
Pennyroyal  oil,  137,  296 
Pepper  oil,  205,  206 
Peppermint  districts  in  Japan,  281 

—  plantations,  280 

—  stills,  283 

—  oil,  279 

—  —   adulteration  of,  293 

—  —    distillation,  283 

—  —   examination  of,  287 

—  —    French,  290 

—  —  Japanese,  287 
, —   —   Javanese,  291 

—  —    table  of,  292 
Perfumes,  chemistry  of  artificial, 

473 

Persea  oil,  235 
Petit-grain  citronnier,  432 

—  —   oil  of,  431 
Peucedanum  oil,  345,  354,  357 
Pharmacopicial    standards,  Ap- 
pendix I. 

Phellandrene,  21 

—  constitution  of,  22 

—  derivatives  of,  22 
Phenols  and  their  derivatives,  64 

—  with  nine-carbon  atoms,  64 
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Phenols  with  ten-carbon  atoms,  68 
Phenyl-ethyl  alcohol,  408 
Phenyl-glycol  methylene  acetal, 
514 

Phenyl-hydroxy -aceto-nitrile,  413 
Physical  characters  of  sesquiter- 
penes, 31 
Physical  characters  of  terpenes,  31 
Pichurim  oil,  236 
Pimento  oil,  358 
Pimpinella  oil,  333,  357 
Pine  oils,  table  of,  166 
Pinene,  11 

—  constitution  of,  33 

—  nitrosochloride,  12 
Pine-needle  oil,  162 

—  (various  species  of),  166 
Piperacese,  202 
Piperitone,  383 
Polarimeter,  110 
Polarimetry,  107 
Polariser,  biquartz,  108 
Polypetalse,  332 

Poplar  oil,  209 
Portugal  oil,  433 
Potassium  myronate,  460 
Preparation  of  essential  oils,  80 
Propenyl-dioxybenzene,  67 
Propenyl-trioxybenzene,  68 
Properties  of  essential  oils,  1 
Propionic  acid,  77 
Propyl  alcohol,  76 
Pseudo-ionone,  56,  193,  484 
Pseudo-pulegone,  45,  46 
Pulegol,  45,  46 
Pulegone,  45,  46,  137 
Pulegone-menthol,  47 

Q- 

Quantitative  estimations  of  con- 
stituents, 114 

E. 

Ragweed  oil,  332 
Ranunculacea;,  470 
Refraction,  102 

Refractive  indices  of  essential 

oils,  106 
Refractometer,  104 
Resedaeefe,  467 
Reuniol,  52 
Rhodinol,  51,  407 


Rhodium  oil,  312 
Roman  chamomile  oil,  321 
Rosacea?,  396 
Rose  oil,  396 

—  —   artificial,  511 
Rose-geranium  oil,  455 
Rosemary,  oil  of,  273 

—  —   abnormal  rotation  of, 

276 

Roseol,  51 
Roses,  oil  of,  396 
Rosewood  oil,  312 
Rue,  oil  of,  443 
Rutacese,  415 

S. 

Sabinene,  24 
Sabinol,  46 
Safrene,  228 
Safrol,  66,  67,  229 
Sage  oil,  306 
Salicinete,  209 
Salicylic  acid,  74 

—  aldehyde,  72 
Salvone,  40 
Santalacese,  244 
Santalal,  253 
Santalene,  29,  253 
Santalol,  247,  253,  256 

'  —    preparation,  248 
Santalone,  257 
Santal-wood,  244 

—  —    oil,  245,  257,  258 
  —   (Macassar),  247 

Santene,  255 
Sassafras  leaf  oil,  229 

—  oil,  227 

_   —   distilling,  228 
Satureja  oils,  307 
Savin,  oil  of,  159 
Savory  oil,  307 
Schimmel's  test,  169 

—  raised  test,  169 
Scorzetta  process,  86 
Sedanolic  acid,  350 
Sedanolide,  350 
Sedanonic  acid.  350 
Selasih  Mekah,  309 
Sereh  oil,  180 
Seseli  oil,  339 

Sesquiterpene  from  oil  of  canna- 
bis indica,  30 
Sesquiterpene  from  citronella  oil, 

32 
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Sesquiterpenes,  24 

—  olefinic,  32 

—  physical  characters  of,  31 
Sequoia  oil,  162 
Shaddock,  oil  of,  442 
Shikimi  star-anise  oil,  339 
Shikimol,  229 
Siam  cardamom  oil,  200 
Silaus  oil,  357 

Snake-root  oil,  Canadian,  261 

—  —   Virginian,  261 
Sodium    Salicylate  absorption, 

131 

Solidago  oils,  330 
Solidifying   point,  determining, 
111 

Soxhlet  principle  of  extraction,  94 
Spearmint  oil,  137,  294 
Specific  gravity  of  essential  oils,  99 

—  —   tube,  101 
Spice  wood  oil,  236 
Spigoure,  265 
Spikenard  oil,  321 
Spike  oil,  270 

—  —   adulterants  of,  271 
Sponge  method  of  extracting  oils, 

82,  415 
Spugna  process,  86,  415 
Star-anise  oil,  333 

—  —   leaf  oil,  337 
Stearoptene, 9 
Styrol,  71 

Styrolene  compounds,  314,  508 
Styrolyl  acetate,  514 
Styryl  alcohol,  70,  509 
Sulphide  allyl,  78 

—  vinyl,  78 
Sulphite  absorptions,  133 
Sulphur  compounds,  78 
Sumbul  oil,  356 
Sweet  basil  oil,  3,  308 

—  birch,  oil  of,  315,  316 

—  fern  oil,  209 
Sylvestrene,  19 
Syringol,  505 

Systematic  study  of  essential  oils, 
142 

T. 

Table  of  constants  of  essential 
oils,  Appendix  II. 

Table  of  figures  of  various  Phar- 
macopoeias, Appendix  I. 


Tanacetone,  40 
Tanacetum  species,  327,  328 
Tangerine    oranges,    oil  from, 
431 

Tansy  oil,  137,  327 
Tarragon  oil,  326 
Tea  oil,  469 

—  —    marsh,  319 
Ten-carbon  atoms,  phenols  with, 

69 

Terebenthene,  11 
Ternstrcemiacese,  469 
Terpenes,  the,  10 

—  olefinic,  30 

—  physical  characters  of,  31 
Terpinene,  23 
Terpineol,  42,  504 

—  constitution  of,  44 
Terpin-hydrate,  506 
Terpinolene,  23,  506 
Tetranthera  oil,  238 
Thermopneumatic  extractor,  85 
Thiocyanates  allyl,  78,  461 
Thuja  oil,  137,  158 

—  orientalis,  oil  of,  159 
Thujamenthol,  42 
Thujene,  23,  40 

—  physical  properties  of,  24 
Thujone,  40,  158 
Thujyl  alcohol,  40 
Thyme  oil,  298 
Thymol,  69,  352 

—  determination  of,  299 
Thymomenthol,  47 
Tiglic  acid,  77 
Tropseolese,  459 
Tropseolum,  oil  of,  459 
Turmeric  oil,  201 
Turmerol,  201 
Turneracete,  468 
Turpentine,  American,  146,  148 

—  French,  148 

—  German,  148 

—  Grecian,  149 

—  Indian,  149 

—  Russian,  149 

—  Swedish,  149 

—  oil,  Chian,  447 
Thymus  species,  300,  301,  311 

U. 

Umbel liferte,  332 
Urticere,  206 
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Valerian  oil,  319,  320 
Valerianese,  319 
Valeric  acid,  77 

—  aldehyde,  78 
Vanillin,  473 

—  preparation  of,  474 

—  prices  of,  477 
Verbena  oil,  310 

—  —    Spanish,  310 
Verbenacese,  310 
Verbenone,  310 
Vetivene,  186 
Veti-vert  oil,  184 
Vinyl  sulphide,  78 

Violet  perfume,  artificial,  483 
Virginian  snake-root  oil,  261 
Volatile  solvent,  extraction  with, 
92 

W. 

Water  fennel  oil,  348 
West  Australian  santal  oil,  257 
West  Indian  santal-wood  oil,  258 
White  champaca,  466 


White  mustard  oil,  463 
Wild  cherry  bark  oil,  414 
Winter's  bark  oil,  466 
Wintergreen,  oil  of,  315 
Wood  oils,  144 
Wormseed  oil,  324 
Wormwood  oil,  137,  323 
Wurtz  flask,  114 

X. 

Xylene  musk,  500 
Y. 

Yara-yara,  503 
Yellow  champaca,  466 
Yield,  average,  from  plants,  98 
Ylang-ylang  oil,  471 

Z. 

Zedoary  oil,  201 
Zingiberacese,  194 
Zingiberene,  30,  195 
Zygophylleas,  446 
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—Prussian  Brown  — Cobalt  Colours  — Coeruleum  — Smalt— Copper  Pigments— Malachite- 
Bremen  Green  — Scheele's  Green  — Emerald  Green —  Verdigris— Brunswick  Green— Non- 
arsenical  Greens— Copper  Blues— Ultramarine— Carbon  Pigments— Ivory  Black— Lamp  Black 
—Bistre— Naples  Yellow— Arsenic  Sulphides  :  Orpiment,  Realgar— Cadmium  Yellow— 
Vandyck  Brown— Organic  Pigments.  Prussian  Blue— Natural  Lakes— Cochineal— Carmine 
—Crimson  —  Lac  Dye  —  Scarlet  —  Madder  —  Alizarin— Campeachy— Quercitron— Rhamnus— 
Brazil  Wood— Alkanet— Santal  Wood— Archil— Coal-tar  Lakes— Red  Lakes— Alizarin  Com- 
pounds—Orange  and  Yellow  Lakes— Green  and  Blue  Lakes-Indigo— Dragon  s  Blood- 
Gamboge— Sepia— Indian  Yellow,  Puree— Bitumen,  Asphaltum,  Mummy— Index. 

THE  MANUFACTURE  OF  PAINT.  A  Practical  Handbook 
for  Paint  Manufacturers,  Merchants  and  Painters.  By  J.  Cruickshank 
Smith,  B.Sc.  Demy  8vo.  200  pp.  Sixty  Illustrations  and  One  Large 
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Preparation  of  Raw  Material-Storing  of  Raw  Material-Testing  and  Valuation  or Raw 
Material-Paint  Plant  and  Machinery-The  Grinding  of  White  Lead-Grindinj S  of  \\  h.te 
Zinc-Grinding  of  other  White  Pigments-Grinding  of  Oxide  Paints-Gr.nding  o .Staining 
Colours-Grinding  of  Black  Paints-Grinding  of  Chemical  Colours-Yellows-Gnndmg  of 
Chemical  Colours-Blues-Grinding  Greens-Grinding  Reds-Grind.ng  Lakes-Grind  ng 
Colours  in  Water-Grinding  Colours  in  Turpentine-The  Uses  of  Paint-Testing  and  Matching 
Paints— Economic  Considerations — Index. 

DICTIONARY  OF  CHEMICALS  AND  RAW  PRO- 
DUCTS USED  IN  THE  MANUFACTURE  OF 
PAINTS,  COLOURS,  VARNISHES  AND  ALLIED 
PREPARATIONS.  By  George  H.  Hurst,  F.C.S.  Demy 
8vo.    380  pp.    Price  7s.  6d.  net.    (Post  free,  8s.  home ;  8s.  6d.  abroad.) 

THE  MANUFACTURE  OF  LAKE  PIGMENTS  FROM 
ARTIFICIAL  COLOURS.  By  Francis  H.  Jennison, 
F  I  C  F  C  S.  Sixteen  Coloured  Plates,  showing  Specimens  of 
Eighth-nine  Colours,  specially  prepared  from  the  Recipes  given 
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The  Groups  of  the  Artificial  Colouring  Matters-The  Nature  a"d  "a,n^ 
ishing— Matching  and  Testing  Lake  Pigments— Index 
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PAINTS,  COLOURS,  ETC. — continued. 

THE  MANUFACTURE  OF  MINERAL  AND  LAKE 
PIGMENTS.  Containing  Directions  for  the  Manufacture 
of  all  Artificial,  Artists  and  Painters'  Colours,  Enamel,  Soot  and  Me- 
tallic Pigments.  A  Text-book  for  Manufacturers,  Merchants,  Artists 
and  Painters.  By  Dr.  Josef  Bersch.  Translated  by  A.  C.  Wright, 
M.A.  (Oxon.),  B.Sc.  (Lond.).  Forty-three  Illustrations.  476  pp.,  demy 
8vo.    Price  12s.  6d.  net.    (Post  free,  13s.  home  ;  13s.  6d.  abroad.) 
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Introduction— Physico-chemical  Behaviour  of  Pigments— Raw  Materials  Employed  in 
the  Manufacture  of  Pigments— Assistant  Materials— Metallic  Compounds— The  Manufacture 
of  Mineral  Pigments— The  Manufacture  of  White  Lead— Enamel  White— Washing  Apparatus 
—  Zinc  White  — Yellow  Mineral  Pigments  — Chrome  Yellow  — Lead  Oxide  Pigments- 
Other  Yellow  Pigments— Mosaic  Gold— Red  Mineral  Pigments— The  Manufacture  of  Ver- 
m, ,h°n~ Antlm°ny  Vermilion— Ferric  Oxide  Pigments— Other  Red  Mineral  Pigments— Purple 
of  Cassius— Blue  Mineral  Pigments— Ultramarine  — Manufacture  of  Ultramarine  — Blue 
Copper  Pigments— Blue  Cobalt  Pigments— Smalts— Green  Mineral  Pigments— Emerald 
Green— Verdigris— Chromium  Oxide— Other  Green  Chromium  Pigments— Green  Cobalt  Pig- 
ments—Green Manganese  Pigments— Compounded  Green  Pigments— Violet  Mineral  Pig- 
ments—Brown Mineral  Pigments— Brown  Decomposition  Products— Black  Pigments— Manu- 
facture of  Soot  Pigments— Manufacture  of  Lamp  Black— The  Manufacture  of  Soot  Black 
without  Chambers— Indian  Ink— Enamel  Colours— Metallic  Pigments— Bronze  Piements— 
Vegetable  Bronze  Pigments. 

Pigments  of  Organic  Origin— Lakes— Yellow  Lakes— Red  Lakes— Manufacture  of 
Carmine— The  Colouring  Matter  of  Lac— Safflower  or  Carthamine  Red— Madder  and 
its  Colouring  Matters— Madder  Lakes— Manjit  (Indian  Madder)— Lichen  Colouring  Matters- 
Red  Wood  Lakes— The  Colouring  Matters  of  Sandal  Wood  and  Other  Dye  Woods— Blue 
Lakes— Indigo  Carmine— The  Colouring  Matter  of  Log  Wood— Green  Lakes— Brown  Organic 
Pigments— Sap  Colours— Water  Colours— Crayons— Confectionery  Colours— The  Preparation 
of  Pigments  for  Painting— The  Examination  of  Pigments— Examination  of  Lakes— The 
lesting  of  Dye-Woods— The  Design  of  a  Colour  Works— Commercial  Names  of  Pigments- 
Appendix  :  Conversion  of  Metric  to  English  Weights  and  Measures— Centigrade  and  Fahrenheit 
Thermometer  Scales — Index. 

RECIPES  FOR  THE  COLOUR,  PAINT,  VARNISH,  OIL, 
SOAP  AND  DRYSALTERY  TRADES.  Compiled  by 
An  Analytical  Chemist.  350  pp.  DemySvo.  Price7s.6d.net.  (Post 
free,  8s.  home ;  8s.  3d.  abroad.) 

Contents. 

«»-PifnJ?"ts  °r  Co,ours  for  Paints,  Lithographic  and  Letterpress  Printing  Inks,  etc- 
Mixed  Paints  and  Preparations  for  Paint-making,  Painting,  Lime-washing,  Paperhanging, 
etc.— Varnishes  for  Coach-builders,  Cabinetmakers,  Wood-workers,  Metal-workers  Photo- 
graphers, etc.— Soaps  for  Toilet,  Cleansing,  Polishing,  etc.— Perfumes— Lubricating  Greases, 
Oils,  etc.— Cements,  Pastes,  Glues  and  Other  Adhesive  Preparations— Writing,  Marking 
Endorsing  and  Other  Inks— Sealing-wax  and  Office  Requisites— Preparations  for  the  Laundry, 
Kitchen,  Stable  and  General  Household  Uses— Disinfectant  Preparations— Miscellaneous 
Preparations — Index. 

OIL  COLOURS  AND  PRINTERS'  INKS.  By  Louis 
Edgar  And£s.  Translated  from  the  German.  215  pp.  Crown  8vo. 
56  Illustrations.   Price  5s.  net.   (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

Contents. 

r  •  Lin5eed.,oi'— Poppy  Oil— Mechanical  Purification  of  Linseed  Oil— Chemical  Purification  of 
k'.?sJSe?..  Oil-Bleaching  Linseed  Oil-Oxidizing  Agents  for  Boiling  Linseed  Oil— Theory  of 
Oil  Boiling— Manufacture  of  Boiled  Oil— Adulterations  of  Boiled  Oil-Chinese  Drying  Oil  and' 
Other  Specialities— Pigments  for  House  and  Artistic  Painting  and  Inks -Pigment  for 
Printers  Black  Inks— Substitutes  for  Lampblack— Machinery  for  Colour  Grinding  and 
Rubbing— Machines  for  mixing  Pigments  with  the  Vehicle— Paint  Mills— Manufacture  of 
^mrii.: Pa'nts— Ship  Pa.nts—  Luminous  Paint  —  Artists'  Colours— Printers'  Inks:— 
VEHICLES— Printers'  Inks :— PIGMENTS  and  MANUFACTURE— Index. 

(See  also  Writing  Inks,  p.  n.) 
THREE   HUNDRED    SHADES   AND    HOW   TO  MIX 
THEM.     For  Architects,  Decorators  and  Painters. 

(Sec  page  28.) 
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PAINTS,  COLOURS,  ETC. — continued. 

CASEIN.  By  Robert  Scherer.  Translated  from  the  German 
by  Chas.  Salter.  Demy  8vo.  Illustrated.  160  pp.  Price  7s.  6d. 
net.    (Post  free,  7s.  lOd.  home ;  8s.  abroad.) 

Contents. 

Casein  :  its  Origin,  Preparation  and  Properties.  Various  Methods  of  Preparing 
Casein.  Composition  and  Properties  of  Casein.  Casein  Paints.— "  Marble-Lime 
Colour  for  Outside  Work— Casein  Enamel  Paint— Casein  Facade  Paint— Cold- Water  Paint  in 
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Waterproofing  and  Softening  Dressing-Casein  for  Mercerising  Crepe-Fixing  Zinc  White  on 
Cotton  with  Formaldehyde-Casein-Magnesia-Casein  Medium  for  Calico >*™«^^r$ 
Silk.  Casein  Foodstuffs.-Casein  Food-Synthetic  Milk— Milk  Food— Emulsifiable  Casein 
— Casein  Phosphate  for  Baking-Making  Bread,  Low  in  Carbohydrates ^  from  Flour  and  Curd 
—Preparing  Soluble  Casein  Compounds  with  Citrates— Casein  Food.  Sundry  Applications 
of  Casein. 

SIMPLE  METHODS  FOR  TESTING  PAINTERS' 
MATERIALS.  By  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc 
(Lond.).  Crown  8vo.  160  pp.  Price  5s.  net.  (Post  free,  5s.  3d. 
home  ;  5s.  6d.  abroad.) 

IRON  -  CORROSION,  ANTI  -  FOULING  AND  ANTI- 
CORROSIVE  PAINTS.  Translated  from  the  German  of 
Louis  Edgar  Andes.  Sixty-two  Illustrations.  275  pp.  Demy  8vo. 
Price  10s.  6d.  net.    (Post  free,  10s.  lOd.  home ;  lis.  3d.  abroad.) 

Contents.  •       ..    -   ,  tU 

Iron-rust  and  its  Formation-Protection  from  Rusting  by  Pa.nt-Ground.ng  the  Iron  _with 
I  indeed  Oil  etc -Testing  Paints-Use  of  Tar  for  Painting  on  Iron-Ant.-corros.ve  P™ts- 

2  V^nth-Chfnest  Wood  Oil-Lead  Pigments-Iron  Pi 
—Carbon— Preparation  of  Ant  -corrosive  Paints— Results  of  Examination  ot  Several  aaa 
corrosive  PainTs-Paints  for  Ship's  Bottoms-Anti-fouling  Compositions-Various  Ant,-cor- 
rosive  and  Ship's  Paints-Official  Standard  Specifications  for  Ironwork  Paints-Index. 

THE  TESTING  AND  VALUATION  OF  RAW  MATE- 
RIALS USED  IN  PAINT  AND  COLOUR  MANU- 
FACTURE. By  M.  W.  Jones,  F.C.S.  A  Book  for  the 
Laboratories  of  Colour  Works.  88  pp.  Crown  8vo.  Price  5s.  net. 
(Post  free,  5s.  3d.  home  and  abroad.) 

THE  MANUFACTURE  AND  COMPARATIVE  MERITS 
OF  WHITE  LEAD  AND  ZINC  WHITE  PAINTS.  By 
G  Petit,  Civil  Engineer,  etc.  Translated  from  the  French.  Crown  Svo. 
100  pp.    Price  4s.  net.    (Post  free,  4s.  3d.  home  ;  4s.  4d.  abroad.) 

Contents.  „       „  .  ..  . 
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STUDENTS'  HANDBOOK  OF  PAINTS,  COLOURS,  OILS 
AND  VARNISHES.  By  John  Furnell.  Crown  8vo.  12 
Illustrations.  96  pp.  Price2s.6d.net.  (Post  free,  2s.  9d.  home  and  abroad.) 

Varnishes  and  Drying  Oils. 

OIL  CRUSHING,  REFINING  AND  BOILING,  THE 
MANUFACTURE  OF  LINOLEUM,  PRINTING  AND 
LITHOGRAPHIC  INKS,  AND  INDIA-RUBBER 
SUBSTITUTES.     By  John  Geddes  McIntosh.  Being 

Volume  I.  of  the  Second,  greatly  enlarged,  English  Edition,  in  three 
Volumes,  of  "  The  Manufacture  of  Varnishes  and  Kindred  Industries," 
based  on  and  including  the  work  of  Ach.  Livache.  Demy  Svo.  150  pp. 
29  Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home;  8s. 
abroad.) 

VARNISHES  AND  VARNISH  MAKING  MATERIALS. 

By  J.  G.  McIntosh.    Demy  Svo.    54  Illustrations.      [In  the  Press. 

Contents. 

Chapter  I.,  Introduction.    II.,  Amber  and  Amber  Oil  Varnishes.    III.,  Copal,  etc.  IV., 
Resins— Assorting,  Cleaning  and  Fusing.    V.,  Asphaltum,  Coal-Tar,  Pitch,  Rubber,  etc  VI 
Oil-Varnish  Making— General  Instructions.    VII.,  Copal  Oil  Varnish.    VIII.,  Rosin  Oil  Varnish 
—Brunswick  Black— Super  Black  Japan.    IX.,  Testing  Varnish— Utilisation  of  Residues. 

DRYING  OILS,  BOILED  OIL  AND  SOLID  AND 
LIQUID  DRIERS.  By  L.  E.  Andes.  Expressly  Written 
for  this  Series  of  Special  Technical  Books,  and  the  Publishers  hold 
the  Copyright  for  English  and  Foreign  Editions.  Forty-two  Illustra- 
tions. 342  pp.  Demy  8vo.  Price  12s.  6d.  net.  (Post  free,  13s.  home  ; 
13s.  3d.  abroad.) 

Contents. 

Properties  of  the  Drying  Oils ;  Cause  of  the  Drying  Property ;  Absorption  of  Oxygen  • 
Behaviour  towards  Metallic  Oxides,  etc.— The  Properties  of  and  Methods  for  obtaining  the 
Drying  Oils— Production  of  the  Drying  Oils  by  Expression  and  Extraction ;  Refining  and 
Bleaching;  Oil  Cakes  and  Meal;  The  Refining  and  Bleaching  of  the  Drying  Oils-  The 
Bleaching  of  Linseed  Oil— The  Manufacture  of  Boiled  Oil;  The  Preparation  of  Drying  Oils 
for  Use  in  the  Grinding  of  Paints  and  Artists'  Colours  and  in  the  Manufacture  of  Varnishes 
by  Heating  over  a  Fire  or  by  Steam,  by  the  Cold  Process,  by  the  Action  of  Air,  and  by  Means 
of  the  Electric  Current;  The  Driers  used  in  Boiling  Linseed  Oil;  The  Manufacture  of  Boiled 
Oil  and  the  Apparatus  therefor;  Livache's  Process  for  Preparing  a  Good  Drying  Oil  and  its 
Practical  Application— The  Preparation  of  Varnishes  for  Letterpress,  Lithographic  and  Copper- 
plate Printing,  for  Oilcloth  and  Waterproof  Fabrics;  The  Manufacture  of  Thickened  Linseed 
Oil,  Burnt  Oil,  Stand  Oil  by  Fire  Heat,  Superheated  Steam,  and  by  a  Current  of  Air— Behaviour 
of  the  Drying  Oils  and  Boiled  Oils  towards  Atmospheric  Influences,  Water,  Acids  and  Alkalies 
—Boiled  Oil  Substitutes-The  Manufacture  of  Solid  and  Liquid  Driers  from  Linseed  Oil  and 
Rosin;  Lmolic  Acid  Compounds  of  the  Driers— The  Adulteration  and  Examination  of  the 
Drying  Oils  and  Boiled  Oil. 


Oils,  Fats,  Greases,  Petroleum. 

LUBRICATING  OILS,  FATS  AND  GREASES:  Their 
Origin,  Preparation,  Properties,  Uses  and  Analyses.    A  Handbook  for 
Oil  Manufacturers,  Refiners  and  Merchants,  and  the  Oil  and  Fat 
Industry  in  General.    By  George  H.  Hurst,  F.C.S.    Second  Revised 
and  Enlarged  Edition.     Sixty-five  Illustrations.    317  pp.     Demy  8vo 
Price  10s.  6d.  net.    (Post  free,  lis.  home;  lis.  3d.  abroad.) 
.,  Contents. 
a    "^^"ctory-Hydrocarbon  Oils-Scotch  Shale  Olls-Petroleum-Vegetable  and 
AppTndicei^lIdex  Adu|te™tion  ol  Oils -Lubricating  Greases-Lubrication- 
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TECHNOLOGY   OF   PETROLEUM  :    Oil   Fields   of  the 

World— Their  History,  Geography  and  Geology— Annual  Production 

and  Development— Oil-well  Drilling— Transport.     By  Henry  Neu- 

berger  and  Henry  Noalhat.    Translated  from  the  French  by  J  G. 

McIntosh.    550  pp.    153  Illustrations.    26  Plates.    Super  Royal  8vo. 

Price  21s.  net.    (Post  free,  21s.  9d.  home ;  23s.  6d.  abroad.) 

Contents. 

Study  of  the  Petroliferous  Strata.  . 
Excavations-Hand  Excavation  or  Hand  Digging  of  Oil  Wells. 

AccWents-Borfng  Accidents-Methods  of  preventing  them-Methods  of  remedying  them 
-Explosfves  and ?he  use  of  the  "Torpedo"  Levigation-Storing  and  Transport  of  Petroleum 
-General  AavTce-Prospecting,  Management  and  carrying  on  of  Petroleum  Boring  Operations 

fiplral  nata- Customary  Formulae— Memento.  Practical  Part.  General  Data 
beaming  on rPet^eum-GS7of  technical  Terms  used  in  the  Petroleum  Industry-Copious- 
Index. 

THE   PRACTICAL   COMPOUNDING   OF  OILS,  TAL- 
LOW  AND   GREASE  FOR  LUBRICATION,  ETC. 

By  An  Expert  Oil  Refiner.  Second  Edition.  100  pp  Demy  Svo. 
Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

i„tr,.rf,.rtorv  Remarks  on  the  Gen"aVTo^nclature  of  Oils,  Tallow  and  Greases 
General  Information. 

ANIMAL  FATS  AND  OILS:  Their  Practical  Production 
Purification  and  Uses  for  a  great  Variety  of  Purposes.  Their  Pro- 
pertiesfalsification  and  Examination.  Translated  from  the  German 
of  Louis  Edgar  Andes.  Sixty-two  Illustrations  .240  pp.  Second 
Edition,  Revised  and  Enlarged.  Demy  8vo.  Price  10s.  6d.  net. 
(Post  free,  10s.  lOd.  home;  Us.  3d.  abroad.) 

Contents.  ...    .  _ 

Introduction-Occurrence,  Origin  Prope.^ 

Preparation  of  Animal  Fats  and  O'^M^^^X^^tion,  Properties,  Adul- 
-Presses-Filtering  Apparatus-Butter  Material  an ^  r-  fcj^Mu'tton-Tallow-Hare 

terations,  Beef  Lard  or  Reme ted  Butter •  .Tes''"g-^^n7^te^ming  Bones,  Extraction, 
Fat-Goose  Fat-Neatsfoot  O^neJ^J^e  ^Un^^  ^^  ^ 
ReBning-Bone  Oil-Artificial  gutter  .Oleom^agarine.i      K      Filbert.s  Process,  Winter's 
Grasso's  Process,  "  Kaiser's  ^^•^rJLJ^^^iTm^Hog'»  Lard:  Raw  Material- 
Method-Human  Fat-Horse  Fat-Beef  Marrow    *u™fJ£,  oi,_!Fish  Oils- Liver  Oils- 

Fat-Spermaceti :  Examination 

of  Fats  and  Oils  in  General. 

mxr-pi    MANUFACTURE    OF     LUBRICANTS,  SHOE 
POLISHES     AND    LEATHER     DRESSINGS  By 

rSL"    Translated  from  the  Sixth  German  Edition  by 
Chas.  Salter.    10  Illustrations.    Crown  8vo.    170  pp.  Mice 
net.    (Post  free,  7s.  lOd.  home ;  8s.  abroad.) 

The  Manufacture  of  Ub^Sfc  MSM* 

-Liquid  Lubricants-Lubricating  Oils  in  J'^"1^^ "g oi  LNeatsfoot  Oil-Bone  Fat- 
Cohesion  Oils-Resin  Oils-Lub^ntt of  [^^j^oils-ClockmaUers'  and  Sewmg  Ma- 
Lubricants  for  Special  Purpose s-M  ncnd  Lubnca  »*  £_R  inR  Thickened  Grease  and 
chine  Oils-The  Application  of  Lubricants  to  Macnmery  lubricants — Shoe  Polishes  and 
Oil-Cleaning  Oil  Rags  and  Cotton/ WJ^ESSw "of  Shoe  Polishes  and  Preparations  for 
Leather  Softening  frcparations-The  Manufacture  °  BIac|(_Black.nfi  and  Shoe 

^^^^^^^^^^  ManUfaCtUre  °f  D6graS- 
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THE  OIL  MERCHANTS'  MANUAL  AND  OIL  TRADE 
READY  RECKONER.  Compiled  by  Prank  F.  Sherriff. 
Second  Edition  Revised  and  Enlarged.  Demy  Svo.  214  pp.  1904. 
With  Two  Sheets  of  Tables.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ;  Ss.  3d.  abroad.) 

Contents. 

Trade  Terms  and  Customs — Tables  to  Ascertain  Value  of  Oil  sold  per  cwt.  or  ton — Specific 
Gravity  Tables— Percentage  Tare  Tables— Petroleum  Tables— Paraffine  and  Benzoline  Calcu- 
lations—Customary Drafts— Tables  for  Calculating  Allowance  for  Dirt,  Water,  etc. — Capacity 
of  Circular  Tanks  Tables,  etc.,  etc. 

VEGETABLE  FATS  AND  OILS :  Their  Practical  Prepara- 
tion, Purification  and  Employment  for  Various  Purposes,  their  Proper- 
ties, Adulteration  and  Examination.  Translated  from  the  German  of 
Louis  Edgar  Andes.  Ninety-four  Illustrations.  340  pp.  Second 
Edition.  Demy  8vo.  Price  10s.  6d.  net.  (Post  free,  lis.  home; 
lis.  6d.  abroad.) 

Essential  Oils  and  Perfumes. 

THE  CHEMISTRY  OF  ESSENTIAL  OILS  AND  ARTI- 
FICIAL PERFUMES.  By  Ernest  J.  Parry,  B.Sc. 
(Lond.),  F.I.C.,  F.C.S.  411  pp.  20  Illustrations.  Demy  8vo.  Price 
12s.  6d.  net.    (Post  free,  13s.  home  ;  13s.  6d.  abroad.) 

Contents. 

The  General  Properties  of  Essential  Oils— Compounds  occurring:  i"  Essential  Oils 
—The  Preparation  of  Essential  Oils— The  Analysis  of  Essential  Oils— Systematic 
Study  of  the  Essential  Oils— Terpeneless  Oils— The  Chemistry  of  Artificial  Perfumes 
— Appendix  :  Table  of  Constants— Index. 

Soaps. 

SOAPS.  A  Practical  Manual  of  the  Manufacture  of  Domestic, 
Toilet  and  other  Soaps.  By  George  H.  Hurst,  F.C.S.  2nd  edition. 
390  pp.  66  Illustrations.  Price  12s.  6d.  net.  (Post  free,  13s.  home  ; 
13s.  6d.  abroad.) 

Contents. 

Introductory— Soap-maker's  Alkalies— Soap  Fats  and  Oils— Perfumes— Water  as 
a  Soap  Material— Soap  Machinery— Technology  of  Soap-making— Glycerine  in  Soap 
Lyes— Laying  out  a  Soap  Factory— Soap  Analysis— Appendices. 

TEXTILE  SOAPS  AND  OILS.  Handbook  on  the  Prepara- 
tion, Properties  and  Analysis  of  the  Soaps  and  Oils  used  in  Textile 
Manufacturing,  Dyeing  and  Printing.  By  George  H.  Hurst,  F.C.S. 
Crown  Svo.  195  pp.  1904.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ; 
5s.  6d.  abroad.) 

SOAPS:    THEIR  MANUFACTURE    AND  ANALYSIS. 

By  Wm.  H.  Simmons,  B.Sc.  (Lond.),  F.C.S.  and  H.  A.  Appleton. 

[In  Preparation. 

Contents. 

Chapters  I.  Introduction.— Definition  and  Nature  of  Soap— Its  Action  as  a  Detergent  

Views  of  Berzelius,  Persoz,  Rotondi,  Carpenter,  and  Hillyer.  II.  Constitution  of  Fats  and 
Oils  and  their  Saponification.— Researches  of  Chevreul  and  Lieb  g— Modern  Theories  of 
Hydrolysis— Saponification  by  (1)  Ferments;  Lipase,  Steapsin,  Emulsion,  Castor  Seed 
Ferment;  (2)  Water  Accelerators  :  Hydrochloric  Acid,  Sulphuric  Acid,  Twitchell's  Reagent; 
(4)  liases  (a)  Without  Pressure,  (b)  With  Pressure,  Lime,  Magnesia.  Zinc  Oxide.  111.  Raw 
Materials  Used  in  Soap-making.— Tallow— Australian,  North  and  South  American  (Beef 
and  Mutton),  Oleostearine,  Home-melted  or  Town  Tallow— Lard— Cocoanut  Oil  (Cochin, 
Ceylon,  Coprah,  Pressed)— Palm  Kernol  Oil— Olive  Oil— Olive  Kerniil— Cottonseed  Oil- 
Cottonseed  Stearin— Arachis— Sesame— Linseed— Castor— Waste  Fats  (rj)  Bone  Fat,  (b) 
Kitchen  Fat  (Melted  Stuff)— Fatty  Acids— Stearines  from  Recovered  Oils  and  Greases- 
Rosin— Shew  Butter— Mowrah  Oil— Vegetable  Tallow— Various  New  Fats  Offered— Alkali 
(Caustic  and  Carbonate  Soda  and  Potash)— Silicate  of  Soda— Chloride  of  Soda— Water 
IV.  Bleaching  and  Treatment  of  Oils  Intended  for  Soap-Making.— Bleaching  Crude 
Palm  Oil— Washing  Tallows— Refining  Crude  Cottonseed  Oil— Mechanical  Methods  of 
Purification— Treatment  with  Ozone,  Hydrogen  Peroxide,  Sodium  Peroxide,  etc.  V.  Soap- 
Making.— Classification  of  Soaps— Direct  Combination  of  Fatty  Acids  with  Alkali— Cold 
Process  Soaps— Saponification  under  Pressure— Soft  Soap— Hydrated  Marine  Soap— Curd 
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Soap— Castile  Soap— Milling  Soap  Base— Yellow  Household  Soaps— Mottled  Soaps— Graining 
Out— Boiling  on  Strength—"  Fitting  "—Resting  for  Subsidence  of  Nigres,  Lyes,  etc.— 
Utilisation  and  Bleaching  of  Nigres.  VI.  Household  and  "Boiled"  Toilet  Soaps. 
—Cleansing— Crutching— Liquoring  of  Soaps— Neutralising,  Colouring  and  Perfuming  Un- 
milled  Toilet  Soaps— Medicating  Disinfectant  Soaps— Framing— Slabbing  and  Barring- 
Drying— Open  and  Close  Piling— Stamping.  VII.  Milled  Toilet  Soaps.— Drying— Milling- 
Incorporation  of  Colour  and  Perfume— Compressing,  Stamping— Wrapping  and  Packing- 
Transparent  and  Semi-transparent  Soaps— Albumen  Soaps— Milk,  Egg  and  Vegetable  Albu- 
men. VIII.  Essential  Oils  and  Synthetic  Perfumes.— General  Remarks— Anisi— Aspic- 
Bay—  Bergamot—  Bitter  Almonds— Canada  Snake  Root— Cananga— Caraway— Cassia— 
Cedarwood— Cinnamon— Citronella— Clove— Eucalyptus-Fennel— Geranium— Gingergrass  — 
Guaiac  Wood— Lavender— Lemon— Lime— Linalot— Marjoram— Nexoli— Orange— Orris  Con- 
crete— Palmarosa— Patchouli— Perpermint— Peru  Balsam  —  Petitgrain|— Pimento  — Kose— 
Rosemary— Sage— Sandalwood— Sassafras  — Thyme  Rouge  — Verbena— Vetivert— Winter- 
green— Ylane-ylang—  Antipine— Conmarine— Heliotropin— Ionone— Mirbane— Musk  —  Niobi— 
Terebene— Terpineol— Vanillan.  IX.  Medicated  Soaps  and  Shaving  Creams.— Addition 
of  Medicaments— Borax-Carbolic-Birch  Tar  -  Ichthyol  —  Lysol  —  Mercury  L.niodide— 
Formalin-Thymol,  etc.  X.  Industrial  Soaps.-Textile  Soaps-Miscellaneous  Soaps- 
Marking  Soaps.  XI.  Recovery  of  Glycerine  from  Lyes.-Treatment-Concentrat.on- 
Purification  and  Distillation.  XII.  Analysis  of  Soap  and  9*her  Products -Methods  of 
Analysis— Comparative  Valuation  of  Soaps— Typical  Analysis.  XIII.  Statistics  of  Soap 
Industry. — Imports  and  Exports. 

Cosmetical  Preparations. 

COSMETICS  :  MANUFACTURE,  EMPLOYMENT 
AND  TESTING  OF  ALL  COSMETIC  MATERIALS 
AND  COSMETIC  SPECIALITIES.  Translated 
from  the  German  of  Dr.  Theodor  Roller.  Crown  8vo.  262  pp. 
Price  5s.  net.    (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

Contents.  _  _        . .  , 

Purposes  and  Uses  of,  and  Ingredients  used  in  the  Preparation  ^^FW'Sj" 
Perfumes  by  Pressure,  Distillation,  Maceration,  Absorption  or  Enfleurage,  and  Extraction 
Methods-Chemical  ana  Animal  Products  used  in  the  Preparation  of  Cosmetics-Oils  and  Fats 
used  in  the  Preparation  of  Cosmetics-General  Cosmetic  Preparations-Mouth  Washes  and 
Tooth  Pastes- Hair  Dyes,  Hair  Restorers  and  Depilatories- Cosmetic  Adjuncts  and 
S^ecialitS-Colouring  Cosmetic  Preparations-Antiseptic  Washes ;  and Soaps-Toilet  and 
H  vgienic  Soaps-Secret  Preparations  for  Skin,  Complexion,  Teeth,  Mouth,  etc.-Test.ng  and 
Examining  the  Materials  Employed  in  the  Manufacture  of  Cosmetics-Index. 

Glue,    Bone    Products  and 
Manures. 

GLUE  AND  GLUE  TESTING.  By  Samuel  Rideal,  D.Sc 
(Lond.),  F.I.C.  Fourteen  Engravings.  144  pp.  Demy  Svo.  Price 
10s.  6d.  net.    (Post  free,  10s.  lOd.  home  ;  lis.  abroad.) 

Contents.  „,    .  .      .  ....  . 

rnn*titution  and  Properties:  Definitions  and  Sources,  Gelatine,  Chondr.n  and  Allied 
Physical  Tests,  Valuation  of  Raw  Materials-Commercial  Aspects. 

BONE  PRODUCTS  AND  MANURES  :  An  Account  of  the 
most  recent  Improvements  in  the  Manufacture  of  Fat,  Glue,  An.mal 
Charcoal^  Ze,  Gelatine  and  Manures.  By  Thomas  Lambert  Techni- 
cal and  Consulting  Chemist.  Illustrated  by  Twenty-one  Plans  and 
Digrams.  162  pp^  Demy  8vo.  Price7s.6d.net.  (Post  free,  7s.  lOd. 
home  ;  8s.  abroad.) 

Contents. 

Chemical  Composition  of  ^^Z^lnt-S^l^^^^O^ 


9 


paration  and  Composition  of  Size— Concentrated  Size— Properties  of  Gelatine — Preparation 
of  Skin  Gelatine — Drying— Bone  Gelatine— Selecting  Bones— Crushing — Dissolving— Bleaching 
— Boiling — Properties  of  Glutin  and  Chondrin— Testing  of  Glues  and  Gelatines— The  Uses  of 
Glue,  Gelatine  and  Size  in  Various  Trades— Soluble  and  Liquid  Glues — Steam  and  Waterproof 
Glues— Manures— Importation  of  Food  Stuffs— Soils— Germination— Plant  Life— Natural 
Manures — Water  and  Nitrogen  in  Farmyard  Manure— Full  Analysis  of  Farmyard  Manure 
— Action  on  Crops— Water-Closet  System— Sewage  Manure— Green  Manures— Artificial 
Manures— Mineral  Manures— Nitrogenous  Matters— Shoddy— Hoofs  and  Horns— Leather 
Waste — Dried  Meat— Dried  Blood— Superphosphates— Composition— Manufacture— Common 
Raw  Bcnes— Degreased  Bones— Crude  Fat— Refined  Fat— Degelatinised  Bones— Animal 
Charcoal— Bone  Superphosphates— Guanos— Dried  Animal  Products— Potash  Compounds— 
Sulci  ate  of  Ammonia— Extraction  n  Vacuo — French  and  British  Gelatines  compared— Index. 

Chemicals,  Waste  Products  and 
Agricultural  Chemistry. 

REISSUE  OF  CHEMICAL  ESSAYS  OF  C.  W. 
SCHEELE.  First  Published  in  English  in  1786.  Trans- 
lated from  the  Academy  of  Sciences  at  Stockholm,  with  Additions.  300 
pp.  Demy  8vo.  Price  5s.  net.  (Post  free,  5s.  6d.  home  ;  5s.  9d.  abroad.) 

Contents. 

Memoir:  C.  W.  Scheele  and  his  work  (written  for  this  edition  by  J.  G.  Mcintosh)— On 
Fluor  Mineral  and  its  Acid— On  Fluor  Mineral— Chemical  Investigation  of  Fluor  Acid, 
with  a  View  to  the  Earth  which  it  Yields,  by  Mr.  Wiegler— Additional  Information 
Concerning  Fluor  Minerals  — On  Manganese,  Magnesium,  or  Magnesia  Vitrariorum  —  On 
Arsenic  and  its  Acid— Remarks  upon  Salts  of  Benzoin— On  Silex,  Clay  and  Alum— Analysis 
of  the  Calculus  Vesical— Method  of  Preparing  Mercurius  Dulcis  Via  Humida— Cheaper  and 
more  Convenient  Method  of  Preparing  Pulvis  Algarothi— Experiments  upon  Molybdajna 
—Experiments  on  Plumbago— Method  of  Preparing  a  New  Green  Colour— Of  the  De- 
composition of  Neutral  Salts  by  Unslaked  Lime  and  Iron— On  the  Quantity  of  Pure  Air  which 
is  Daily  Present  in  our  Atmosphere— On  Milk  and  its  Acid— On  the  Acid  of  Saccharum  Lactis 
— On  the  Constituent  Parts  of  Lapis  Ponderosus  or  Tungsten— Experiments  and  Observations 
on  Ether — Index. 

THE  MANUFACTURE  OF  ALUM  AND  THE  SUL- 
PHATES AND  OTHER  SALTS  OF  ALUMINA  AND 
IRON.  Their  Uses  and  Applications  as  Mordants  in  Dyeing 
and  Calico  Printing,  and  their  other  Applications  in  the  Arts,  Manufac- 
tures, Sanitary  Engineering,  Agriculture  and  Horticulture.  Translated 
from  the  French  of  Lucien  Geschwind.  195  Illustrations.  400  pp. 
Royal  8vo.  Price  12s.  6d.  net.   (Post  free,  13s.  home  ;  13s.  6d  abroad.) 

Contents. 

Theoretical   Study  of  Aluminium,    Iron,  and  Compounds  of  these  Metals— 

Aluminium  and  its  Compounds — Iron  and  Iron  Compounds. 

Manufacture  of  Aluminium  Sulphates  and  Sulphates  of  Iron— Manufacture  of 
Aluminium  Sulphate  and  the  Alums— Manufacture  of  Sulphates  of  Iron. 

Uses  of  the  Sulphates  of  Aluminium  and  Iron— Uses  of  Aluminium  Sulphate  and 
Alums— Application  to  Wool  and  Silk— Preparing  and  using  Aluminium  Acetates— Employment 
of  Aluminium  Sulphate  in  Carbonising  Wool— The  Manufacture  of  Lake  Pigments— Manu- 
facture of  Prussian  Blue— Hide  and  Leather  Industry— Paper  Making— Hardening  Plaster— 
Lime  Washes — Preparation  of  Non-inflammable  Wood,  etc. — Purification  of  Waste  Waters 
—Uses  and  Applications  of  Ferrous  Sulphate  and  Ferric  Sulphates— Dyeing— Manu- 
facture of  Pigments— Writing  Inks— Purification  of  Lighting  Gas  —Agriculture— Cotton  Dyeing 
—Disinfectant— Purifying  Waste  Liquors— Manufacture  of  Nordhausen  Sulphuric  Acid— 
Fertilising. 

Chemical  Characteristics  of  Iron  and  Aluminium— Analysis  of  Various  Aluminous 
or  Ferruginous  Products  — Aluminium  — Analysing:  Aluminium  Products  —  Alunite 
Alumina— Sodium  Aluminate— Aluminium  Sulphate— Iron— Analytical  Characteristics  of  Iron 
Salts— Analysis  of  Pyntic  Lignite— Ferrous  and  Ferric  Sulphates— Rouil  Mordant— Index 

AMMONIA  AND  ITS  COMPOUNDS  :  Their  Manufacture 
and  Uses.  By  Camille  Vincent,  Professor  at  the  Central  School  of 
Arts  and  Manufactures,  Paris.  Translated  from  the  French  by  M.  J. 
Salter.  Royal  8vo.  114  pp.  Thirtv-two  Illustrations.  Price5s.net. 
(Post  free,  5s.  4d.  home  ;  5s.  Gd.  abroad.) 

Contents. 

General  Considerations:  Various  Sources  of  Ammoniacal  Products;  Human  Urine 
as  a  Source  of  Ammonia— Extraction  of  Ammoniacal  Products  from  Sewaire— 
hxtraction  of  Ammonia  from  Oas  Liquor— Manufacture  of  Ammoniacal  Com- 
pounds from  Bones,  Nitrogenous  Waste,  Beetroot  Wash  and  Peat-Manufacture  ol 
Caustic  Ammonia,  and  Ammonium  Chloride,  Phosphate  and  Carbonate— Recovery 
of  Ammonia  from  the  Ammonia-Soda  Mother  Liquors— Index. 
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INDUSTRIAL  ALCOHOL.  A  Practical  Manual  on  the 
Production  and  Use  of  Alcohol  for  Industrial  Purposes  and  for  Use  as 
a  Heating  Agent,  as  an  Illuminant  and  as  a  Source  of  Motive  Power. 
By  J.  G.  M'Intosh,  Lecturer  on  Manufacture  and  Applications  of 
Industrial  Alcohol  at  The  Polytechnic,  Regent  Street,  London. 
Demy  8vo.  1907.  250  pp.  With  75  Illustrations  and  25  Tables. 
Price  7s.  6d.  net.     (Post  free,  7s.  9d.  home  ;  8s.  abroad.) 

Contents.  , 
Alcohol  and  its  Properties. -Ethylic  Alcohol-Absolute  Alcohol-Adulterations— 
Properties  of  Alcohol— Fractional  Distillation— Destructive  Dist.llation-Products  of  Com- 
bustion-Alcoholometry-Proof  Spirit-Analysis  of  Alcohol-Table  showing  Correspondence 
between  the  Specific  Gravity  and  Per  Cents,  of  Alcohol  over  and  under  P™°^0'he' 
Alcohol  Tables  Continuous  Aseptic  and  Antiseptic  Fermentation  and  Sterihsation 
in  Industrial  Alcohol  Manufacture.  The  Manufacture  of  Industrial  Alcohol  from 
Beets.-Beet  Slicing  Machines-Extraction  of  Beet  Juice  by  Maceration,  by  Diffusion- 
Fermentation  in  Beet  Distilleries-Plans  of  Modern  Beet  Distillery.  The  Manufacture  of 
lndaatrial  Alcohol  from  Qrain.-Plan  of  Modern  Grain  Distillery.  The  Manufacture  of 
"dustrial  Alcohol  from  Potatoes.  The  Manufacture  of  Industrial  Alcohol  from 
Surnlus  Stocks  of  Wine,  Spoilt  Wine,  Wine  Marcs,  and  from  Fruit  in  General.  The  Manu- 
facSe  of  AkohoffVomeJhePSugar  Cane  and  Sugar  Cane  Molasses-Plans  Plant,  etc 
for  the  Distillation  and  Rectification  of  Industrial  Alcohol  -The  Caff ey  and  otto 
"Patent"  Stills-Intermittent  versus  Continuous  Rectifica^tion-Continuous  Distillation 
Rectification  of  Spent  Wash.  The  Manufacture  and  Uses  of  Various  Alcohol 
Derivatives  Ether,  Haloid  Ethers,  Compound  Ethers,  Chloroform-Methyl  and  Amyl 
Alcoho^d^he  r  E  here^  Salts'  Acetone-Barbel's  Ether,  Methyl  Alcohol  and  Acetone 
RectifyTng  Stills.  The  Uses  of  Alcohol,  in  Manufactures,  etc.-Lu it  of  j^stnes  in 
which  AlSohol  is  used,  with  Key  to  Function  of  Alcohol  in  each  Industry.  The  Uses  ot 
Alcohol  for  Lighting:,  Heating,  and  Motive  Power. 

ANALYSIS  OF  RESINS  AND  BALSAMS.  Translated 
from  the  German  of  Dr.  Karl  Dieterich.  Demy  8vo  340  pp. 
Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home ;  8s.  3d.  abroad.) 

MANUAL    OF    AGRICULTURAL    CHEMISTRY.  By 

Herbert  Ingle,  F.I.C.,  Lecturer  on  Agricultural  Chemistry,  the 
Yorkshire  College;  Lecturer  in  the  Victoria  University.  Second 
Edition.  388  pp.  11  Illustrations.  Demy  8vo.  Price  7s.  6d.  net. 
(Post  free,  8s.  home  ;  8s.  6d.  abroad.) 

Contents.  . 

culture — Appendix — Index. 

THE  UTILISATION  OF  WASTE  PRODUCTS.  A  Treatise 
on  the  Rational  Utilisation,  Recovery  and  Treatment  of  Wa*e  Pro- 
ducts of  all  kinds.  By  Dr.  Theodor  Roller.  Translated  horn  the 
Second  Revised  German  Edition.  Twenty-two  Illustrations.  Demy 
fvo  280  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home;  8s.  3d. 
abroad.) 

Contents.  .  . 

The  Waste  of  Towns-Ammonia  and  SaNAmmoniac-Ration^  ^SSS^SSSt 
these  Substances  by  Treat.ng  Residues  "^.^'^f  ~^Ho«e  Refuse-Manufactur^ 
Dyes-Amber  Waste-Brewers'  Waste-Blood  a™  S£"8^  Matters 
Fuels-Waste  Paper  and  Bookbinders'  Waste-Iron  S  ^p^^^Lcalamine  Sludge- 
from  Waste-Dyers'  Waste  Waters-Fat  froffl '  «  »st*n/^u^houc  Waste-Residues  in 
Tannery  Waste— Gold  and  Silver  Waste— Indm-rubber  ami  ^a°»""°  Eat.th_Trjdium  from 
the  Manufacture  of  Rosin  Oil- Wood  W^O^^^^^.  Waste 
Goldsmiths'  Sweepings-Jute  Waste-Cork ^"^^  W^^  of  Coal  Gas- 
— illuminating  Gas  from  Waste  and  the  By     roaucts  or  ■        ,  f  Minera|  Waters 

Meerschum-Wasses-Metal Waste^Producto  ^  ™^  „  the  Treatment 
-Fruit-Thc  By-Products  of  Paper  and  Paper  I ™f  of  Parchment  Paper 

of  Coal  Tar  Oils-Fur  Waste-The  Waste  Matter  '"^"^"^  dues-Broken  Porcelain. 
-Mother  of  Pearl  Waste-Petroleum  Residues-Platin  m  K"'°"c£  jtcs_siik  Waste- 
Earthenware  and  Glass-Salt  Waste-Slate  Waste-Sulnhu^B^rot  l^s  Grindlng 
loan  Makers'  Waste-Alkali  Waste  and  the .^"TiS^S-S^SS  Acid-Vegetable  Ivory 

WasteZwool  Sweat-The  Waste  Liquids  from  Sugar  Works-Index. 
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Writing  Inks  and  Sealing  Waxes. 

INK  MANUFACTURE:  Including.  Writing,  Copying,  Litho- 
graphic, Marking,  Stamping,  and  Laundry  Inks.  By  Sigmund  Lehner. 
Three  Illustrations.  Crown  8vo.  162  pp.  Translated  from  the  German 
of  the  Fifth  Edition.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  6d. 
abroad.) 

Contents. 

Varieties  of  Ink— Writing  Inks— Raw  Materials  of  Tannin  Inks— The  Chemical  Constitution 
of  the  Tannin  Inks— Recipes  for  Tannin  Inks— Logwood  Tannin  Inks— Ferric  Inks— Alizarine 
Inks— Extract  Inks — Logwood  Inks— Copying  Inks — Hektographs— Hektograph  Inks — Safety 
Inks — Ink  Extracts  and  Powders — Preserving  Inks — Changes  in  Ink  and  the  Restoration  of 
Faded  Writing— Coloured  Inks— Red  Inks— Blue  Inks— Violet  Inks— Yellow  Inks— Green 
Inks— Metallic  Inks— Indian  Ink— Lithographic  Inks  and  Pencils— Ink  Pencils— Marking  Inks 
—Ink  Specialities— Sympathetic  Inks — Stamping  Inks— Laundry  or  Washing  Blue — Index 

SEALING-WAXES,  WAFERS  AND  OTHER  ADHES- 
IVES  FOR  THE  HOUSEHOLD,  OFFICE,  WORK- 
SHOP AND  FACTORY.  By  H.  C.  Standage.  Crown 
8vo.    96  pp.    Price  5s.  net.    (Post  free,  5s.  3d.  home ;  5s.  4d.  abroad.) 

Contents. 

Materials  Used  for  Making  Sealing-- Waxes— The  Manufacture  of  Sealing-Waxes— 
Wafers — Notes  on  the  Nature  of  the  Materials  Used  in  Making  Adhesive  Compounds — Cements 
for  Use  in  the  Household — Office  Gums,  Pastes  and  Mucilages — Adhesive  Compounds  for 
Factory  and  Workshop  Use. 


Lead  Ores  and  Compounds. 

LEAD  AND  ITS  COMPOUNDS.  By  Thos.  Lambert, 
Technical  and  Consulting  Chemist.  Demy  8vo.  226  pp.  Forty  Illus- 
trations.   Price  7s.  6d.  net.   (Post  free,  7s.  lOd.  home ;  8s.  3d.  abroad.) 

Contents. 

History — Ores  of  Lead — Geographical  Distribution  of  the  Lead  Industry — Chemical  and 
Physical  Properties  of  Lead — Alloys  of  Lead — Compounds  of  Lead — Dressing  of  Lead  Ores 
— Smelting  of  Lead  Ores — Smelting  in  the  Scotch  or  American  Ore-hearth— Smelting  in  the 
Shaft  or  Blast  Furnace — Condensation  of  Lead  Fume — Desilverisation,  or  the  Separation 
of  Silver  from  Argentiferous  Lead — Cupellation — The  Manufacture  of  Lead  Pipes  and 
Sheets — Protoxide  of  Lead — Litharge  and  Massicot — Red  Lead  or  Minium — Lead  Poisoning 
— Lead  Substitutes — Zinc  and  its  Compounds — Pumice  Stone — Drying  Oils  and  Siccatives 
— Oil  of  Turpentine  Resin — Classification  of  Mineral  Pigments — Analysis  of  Raw  and  Finished 
Products — Tables— Index. 


NOTES  ON  LEAD  ORES  :  Their  Distribution  and  Properties. 
By  Jas.  Fairie,  F.G.S.  Crown  8vo.  64  pages.  Price  2s.  6d.  net. 
(Post  free,  2s.  9d.  home ;  3s.  abroad.) 

(White  Lead  and  Zinc  White  Paints,  see  p.  4.) 


Industrial  Hygiene. 

THE  RISKS  AND  DANGERS  TO  HEALTH  OF  VARI- 
OUS OCCUPATIONS  AND  THEIR  PREVENTION. 

By  Leonard  A.  Parry,  M.D.,  B.Sc.  (Lond.).  196  pp.  Demy  8vo. 
Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Occupations  which  are  Accompanied  by  the  Generation  and  Scattering  of  Abnormal 
Quantities  of  Dust — Trades  in  which  there  is  Danger  of  Metallic  Poisoning — Certain  Chemi- 
cal Trades — Some  Miscellaneous  Occupations — Trades  in  which  Various  Poisonous  Vapours 
are  Inhaled — General  Hygienic  Considerations — Index. 
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Industrial  Uses  of  Air,  Steam  and 

Water. 

DRYING  BY  MEANS  OF  AIR  AND  STEAM.  Explana- 
tions, Formula:,  and  Tables  for  Use  in  Practice.  Translated  from  the 
German  of  E.  Hausbrand.  Two  folding  Diagrams  and  Thirteen  Tables. 
Crown  8vo.  72  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  6d. 
abroad.) 

Contents. 

British  and  Metric  Systems  Compared— Centigrade  and  Fahr.  Thermometers— Estimation 
of  the  Maximum  Weight  of  Saturated  Aqueous  Vapour  which  can  be  contained  in  1  kilo, 
of  Air  at  Different  Pressure  and  Temperatures-Calculation  of  the  Necessary  Weight  and 
Volume  of  Air,  and  of  the  Least  Expenditure  of  Heat,  pet  Drying  Apparatus  with  Heated 
Air,  at  the  Atmospheric  Pressure:  A,  With  the  Assumption  that  the  Air  is  Completely  Satur- 
ated with  Vapour  both  before  Entry  and  after  Exit  from  the  Apparatus— £,  When  the 
Atmospheric  Air  is  Completely  Saturated  before  entry,  but  at  its  exit  is  onb>  a  J  or  i  Saturated 
-C  When  the  Atmospheric  Air  is  not  Saturated  with  Moisture  before  Entering  the  Drying 
ApparaVus-Drying  Apparatus,  in  which,  in  the  Drying  Chamber  a  Pressure  ^Artificially 
Created,  Higher  or  Lower  than  that  of  the  Atmosphere-Drying  by  Means  of  Superheated 
Steam,  without  Air-Heating  Surface,  Velocity  of  the  Air  Current,  Dimensions  of  the  Drying 
Room,'  Surface  of  the  Drying  Material,  Losses  of  Heat— Index. 

(See  also  "  Evaporating;,  Condensing  and  Cooling  Apparatus,"  p.  26.) 


PURE  AIR,  OZONE  AND  WATER.  A  Practical  Treatise 
of  their  Utilisation  and  Value  in  Oil,  Grease,  Soap,  Paint,  Glue  and 
other  Industries.  By  W.  B.  Cowell.  Twelve  Illustrations.  Crown 
8vo.    85  pp.    Price  5s.  net.    (Post  free,  5s.  3d.  home ;  5s.  6d.  abroad.) 

Contents. 

VoluWof  the  Flow  of  Steam  into  the  Atmosphere;  Temperature  of  Steam-Index. 


THE  INDUSTRIAL  USES  OF  WATER.  COMPOSI- 
TION —  EFFECTS — TROUBLES  -  REMEDIES-RE- 
SIDUARY WATERS-PURIFICATION-ANALYSIS 

Bv  H  de  la  Coux.  Royal  8vo.  Translated  from  the  French  and 
Revised  by  Arthur  Morris.  364  pp.  135  Illustrations.  Pnce  10s.  6d. 
net.    (Post  free,  lis.  home;  lis.  6d.  abroad.) 

Contents. 

Chemical  Action  of  Water  in  Nature  and 

fhfe^ 

Water  for  Boilers-Water  in  Dyeworks,  Print  Works,  and  BleacA WO  Laundries  and 
Textile  Industries  and  in  Condition,ng-Wa^  Dyewood  Extracts- Water 

Washhouses-Water  in  Tanning-Water  in  Prepar  "S  '^nl'^m-  5_Water  in  Making  Ices 
in  Papermaking- Water  Ph^^P^wTter  in  Brewing-WateHn  Distilling-Preliminary 
and  Beverages-Water  ,n  Cider 'Making-Water in  |«™g-W "chemica|  Purification- Corn- 
Treatment  and  Apparatus-Substances .  Used  for  re»™nfar^  tter8  in  Suspension  in  Water 
mercial  Specialities  and  their  ^P1?^"^  Filters-Indus- 
^t^A^ft^^^p  ?Heir  Purification-Soi.  Filtration- 
Purification  by  Chemical  Processes-Analyses-Index. 

(See  Books  on  Smoke  Prevention,  Engineering  and  Metallurgy,  p.  26,  etc.) 
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X  Rays. 

PRACTICAL  X  RAY  WORK.     By  Frank  T.  Addyman, 

B.Sc.  (Lond.),  F.I.C.,  Member  of  the  Roentgen  Society  of  London ; 
Radiographer  to  St.  George's  Hospital;  Demonstrator  of  Physics  and 
Chemistry,  and  Teacher  of  Radiography  in  St.  George's  Hospital 
Medical  School.  Demy  8vo.  Twelve  Plates  from  Photographs  of  X  Ray 
Work.  Fifty-two  Illustrations.  200  pp.  Price  10s.  6d.  net.  (Post  free, 
10s.  lOd.  home;  lis.  3d.  abroad.) 

Contents. 

Historical — Work  leading  up  to  the  Discovery  of  the  X  Rays — The  Discovery — Appara- 
tus and  its  Management — Electrical  Terms — Sources  of  Electricity — Induction  Coils — 
Electrostatic  Machines — Tubes — Air  Pumps — Tube  Holders  and  Stereoscopic  Apparatus — 
Fluorescent  Screens — Practical  X  Ray  Work — Installations — Radioscopy — Radiography— 
X  Rays  in  Dentistry — X  Rays  in  Chemistry — X  Rays  in  War — Index. 

List  of  Plates. 

Frontispiece — Congenital  Dislocation  of  Hip-Joint. — I.,  Needle  in  Finger.— II.,  Needle  in 
Foot.— III.,  Revolver  Bullet  in  Calf  and  Leg— IV.,  A  Method  of  Localisation.— V  ,  Stellate 
Fracture  of  Patella  showing  shadow  of  "  Strapping  ". — VI.,  Sarcoma. — VII.,  Six-weeks-old 
Injury  to  Elbow  showing  new  Growth  of  Bone.— VIII.,  Old  Fracture  of  Tibia  and  Fibula 
badly  set. — IX.,  Heart  Shadow. — X.,  Fractured  Femur  showing  Grain  of  Splint. — XI.,  Bar- 
ren's Method  of  Localisation. 

India-Rubber  and  Gutta  Percha. 

INDIA-RUBBER  AND  GUTTA  PERCHA.  Translated 
from  the  French  of  T.  Seeligmann,  G.  Lamy  Torvilhon  and  H. 
Falconnet  by  John  Geddes  McIntosh.    Royal  8vo. 

[Out  of  print.  Second  Edition  in  preparation. 
Contents. 

1  ndia- Rubber — Botanical  Origin — Climatology — Soil — Rational  Culture  and  Acclimation 
of  the  Different  Spe:ies  of  India-Rubber  Plants — Methods  of  Obtaining  the  Latex — Methods 
of  Preparing  Raw  or  Crude  India-Rubber — Classification  of  the  Commercial  Species  of 
Raw  Rubber — Physical  and  Chemical  Properties  of  the  Latex  and  of  India-Rubber — 
Mechanical  Transformation  of  Natural  Caoutchouc  into  Washed  or  Normal  Caoutchouc 
(Purification)  and  Normal  Rubber  into  Masticated  Rubber — Softening,  Cutting,  Washing, 
Drying — Preliminary  Observations — Vulcanisation  of  Normal  Rubber — Chemical  and  Physical 
Properties  of  Vulcanised  Rubber — General  Considerations — Hardened  Rubber  or  Ebonite — 
Considerations  on  Mineralisation  and  other  Mixtures — Coloration  and  Dyeing — Analysis 
of  Natural  or  Normal  Rubber  and  Vulcanised  Rubber — Rubber  Substitutes — Imitation  Rubber. 

Gutta  Percha — Botanical  Origin — Climatology — Soil — Rational  Culture — Methods  of 
Collection — Classification  of  the  Different  Species  of  Commercial  Gutta  Percha— Physical 
and  Chemical  Properties — Mechanical  Transformation — Methods  of  Analysing — Gutta  Percha 
Substitutes — Index. 

Leather  Trades. 

PRACTICAL  TREATISE  ON  THE  LEATHER  IN- 
DUSTRY. By  A.  M.  Villon.  Translated  by  Frank  T. 
Addyman,  B.Sc.  (Lond.),  F.I.C.,  F.C.S. ;  and  Corrected  by  an  Emi- 
nent Member  of  the  Trade.  500  pp.,  royal  Svo.  123  Illustrations. 
Price  21s.  net.    (Post  free,  21s.  6d.  home ;  22s.  6d.  abroad.) 

Contents. 

Preface — Translator's  Preface — List  of  Illustrations. 

Part  I.,  Materials  used  in  Tanning- — Skins:  Skin  and  its  Structure;  Skins  used  in 
Tanning;  Various  Skins  and  their  Uses— Tannin  and  Tanning  Substances:  Tannin-;  Barks 
(Oak);  Barks  other  than  Oak;  Tanning  Woods ;  Tannin-bearing  Leaves;  Excrescences; 
Tan-bearing  Fruits;  Tan-bearing  Roots  and  Bulbs;  Tanning  Juices;  Tanning  Substances 
used  in  Various  Countries;  Tannin  Extracts;   Estimation  of  Tannin  and  Tannin  Principles. 

Part  II.,  Tanning — The  Installation  of  a  Tannery:  Tan  Furnaces;  Chimneys,  Boilers, 
etc.;  Steam  Engines — Grinding  and  Trituration  of  Tanning  Substances:  Cutting  up  Bark; 
Grinding  Bark;  The  Grinding  of  Tan  Woods;  Powdering  Fruit,  Galls  and  Grains;  Notes  on 
the  Grinding  of  Bark — Manufacture  of  Sole  Leather:  Soaking;  Sweating  and  Unhairing; 
Plumping  and  Colouring;  Handling;  Tanning;  Tanning  Elephants'  Hides;  Drying; 
Striking  or  Pinning — Manufacture  of  Dressing  Leather:  Soaking;  Depilation;  New  Pro- 
cesses for  the  Depilation  of  Skins;  Tanning;  Cow  Hides;  Horse  Hides;  Goat  Skins;  Manu- 
facture of  Split  Hides — On  Various  Methods  of  Tanning :  Mechanical  Methods;  Physical 
Methods;  Chemical  Methods;  Tanning  with  Extracts — Quantity  and  Quality;  Quantity; 
Net  Cost;  Quality  of  Leather — Various  Manipulations  of  Tanned  Leather:  Second  Tanning; 
Grease  Stains;  Bleaching  Leather;  Waterproofing  Leather;  Weighting  Tanned  Leather; 
Preservation  of  Leather — Tanning  Various  Skins. 
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Part  III.,  Currying  —  Waxed  Calf:  Preparation;  Shaving;  Stretching  or  Slicking; 
Oiling  the  Grain ;  Oiling  the  Flesh  Side;  Whitening  and  Graining;  Waxing;  Finishing;  Dry 
Finishing;  Finishing  in  Colour;  Cost  —  White  Calf:  Finishing  in  White — Cow  Hide  for 
Upper  Leathers:  Black  Cow  Hide;  White  Cow  Hide;  Coloured  Cow  Hide — Smooth  Cow 
Hide — Black  Leather — Miscellaneous  Hides:  Horse;  Goat;  Waxed  Goat  Skin;  Matt  Goat 
Skin — Russia  Leather:  Russia  Leather;  Artificial  Russia  Leather. 

Part  IV.,  Enamelled,  Hungary  and  Chamoy  Leather,  Morocco,  Parchment,  Fur» 
and  Artificial  Leather — Enamelled  Leather:  Varnish  Manufacture;  Application  of  the 
Enamel;  Enamelling  in  Colour— Hungary  Leather:  Preliminary;  Wet  Work  or  Prepara- 
tion; Aluming;  Dressing  or  Loft  Work;  Tallowing;  Hungary  Leather  from  Various  Hides 
—Tawing:  Preparatory  Operations;  Dressing;  Dyeing  Tawed  Skins;  Rugs — Chamoy  Leather 
— Morocco:  Preliminary  Operations,  Morocco  Tanning;  Mordants  used  in  Morocco  Manu- 
facture; Natural  Colours  used  in  Morocco  Dyeing;  Artificial  Colours;  Different  Methods 
of  Dyeing;  Dyeing  with  Natural  Colours;  Dyeing  with  Aniline  Colours;  Dyeing  with 
Metallic  Salts;  Leather  Printing ;  Finishing  Morocco ;  Shagreen  ;  Bronzed  Leather — Gilding 
and  Silvering:  Gilding;  Silvering;  Nickel  and  Cobalt— Parchment— Furs  and  Furriery: 
Preliminary  Remarks;  Indigenous  Furs;  Foreign  Furs  from  Hot  Countries;  Foreign  Furs 
from  Cold  Countries ;  Furs  from  Birds'  Skins;  Preparation  of  Furs;  Dressing;  Colouring; 
Preparation  of  Birds'  Skins;  Preservation  of  Furs— Artificial  Leather :  Leather  made  from 
Scraps;  Compressed  Leather;  American  Cloth ;  Papier  Ma.che;  Linoleum ;  Artificial  Leather. 

Part  V.,  Leather  Testing  and  the  Theory  of  Tanning— Testing  and  Analysis  of  Leather  : 
Physical  Testing  of  Tanned  Leather;  Chemical  Analysis— The  Theory  of  Tanning  and  the 
other  Operations  of  the  Leather  and  Skin  Industry:  Theory  of  Soaking;  Theory  of  Un- 
hairing;  Theory  of  Swelling;  Theory  of  Handling;  Theory  of  Tannine;  Theory  of  the 
Action  of  Tannin  on  the  Skin ;  Theory  of  Hungary  Leather  Making ;  Theory  of  Tawing ; 
Theory  of  Chamoy  Leather  Making;  Theory  of  Mineral  Tanning. 

Part  VI.,  Uses  of  Leather— Machine  Belts:  Manufacture  of  Belting;  Leather  Chain 
Belts;  Various  Belts;  Use  of  Belts— Boot  and  Shoe-making:  Boots  and  Shoes;  Laces- 
Saddlery  :  Composition  of  a  Saddle ;  Construction  of  a  Saddle— Harness  :  The  Pack  Saddle ; 
Harness— Military  Equipment— Glove  Making— Carriage  Building— Mechanical  Uses. 

Appendix,  The  World's  Commerce  in  Leather— Europe ;  America;  Asia;  Africa: 
Australasia — Index. 

THE  LEATHER  WORKER'S  MANUAL.  Being  a  Com- 
pendium of  Practical  Recipes  and  Working  Formulae  for  Curriers, 
Bootmakers,  Leather  Dressers,  Blacking  Manufacturers,  Saddlers, 
Fancy  Leather  Workers.  By  H.  C.  Standage.  Demy  8vo.  165  pp. 
Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Blackings,  Polishes,  Glosses,  Dressings,  Renovators,  etc.,  for  Boot  and  Shoe  Leather- 
Harness  Blackings,  Dressings,  Greases,  Compositions,  Soaps,  and  Boot-top  Powders  and 
Liquids,  etc.,  etc.— Leather  Grinders'  Sundries— Currier's  Seasonings,  Blacking  Compounds, 
Dressings,  Finishes,  Glosses,  etc.— Dyes  and  Stains  for  Leather— Miscellaneous  Information 
— Chrome  Tannage — Index. 


THE  MANUAL  OF  PRACTICAL  POTTING.  Compiled 
by  Experts,  and  Edited  by  Chas.  F.  Binns.  Third  Edition,  Revised 
and  Enlarged.  200  pp.  Demy  Svo.  Price  17s.  6d.  net.  (Post  free, 
17s.  lOd.  home;  18s.  3d.  abroad.) 


Books  on  Pottery, 


15 


CERAMIC  TECHNOLOGY :  Being  some  Aspects  of  Tech- 
nical Science  as  Applied  to  Pottery  Manufacture.  Edited  by  Charles 
F.  Binns.  100  pp.  Demy  8vo.  Price  12s.  6d.  net.  (Post  free, 
12s.  lOd.  home;  13s.  abroad.) 

Contents. 

Preface— The  Chemistry  of  Pottery  —  Analysis  and  Synthesis  —  Clays  and  their  Com- 
ponents—  The  Biscuit  Oven  —  Pyrometry  —  Glazes  and  their  Composition  —  Colours  and 
Colour-making — Index. 

A  TREATISE  ON  THE  CERAMIC  INDUSTRIES.  A 

Complete  Manual  for  Pottery,  Tile  and  Brick  Works.  By  Emile 
Bourry.  Translated  from  the  French  by  Wilton  P.  Rix,  Examiner 
in  Pottery  and  Porcelain  to  the  City  and  Guilds  of  London  Technical 
Institute,  Pottery  Instructor  to  the  Hanley  School  Board.  Royal 
8vo.  760  pp.  323  Illustrations.  Price  21s.  net.  (Post  free,  22s.  home  ; 
24s.  abroad.) 

Contents. 

Part  I.,  General  Pottery  Methods.  Definition  and  History.  Definitions  and  Classifi- 
cation of  Ceramic  Products — Historic  Summary  of  the  Ceramic  Art — Raw  Materials  of 
Bodies.  Clays:  Pure  Clay  and  Natural  Clays — Various  Raw  Materials :  Analogous  to  Clay — 
Agglomerative  and  Agglutinative — Opening — Fusible — Refractory — Trials  of  Raw  Materials 
— Plastic  Bodies.  Properties  and  Composition — Preparation  of  Raw  Materials:  Disaggrega- 
tion— Purification — Preparation  of  Bodies  :  By  Plastic  Method — By  Dry  Method — By  Liquid 
Method — Formation.  Processes  of  Formation  :  Throwing — Expression — Moulding  by  Hand 
on  the  Jolley,  by  Compression,  by  Slip  Casting — Slapping — Slipping — Drying.  Drying  of 
Bodies — Processes  of  Drying  :  By  Evaporation— By  Aeration — By  Heating — By  Ventilation 
— By  Absorption  —  Glazes.  Composition  and  Properties — Raw  Materials  —  Manufacture 
and  Application — Firing.  Properties  of  the  Bodies  and  Glazes  during  Firing- — Description 
of  the  Kilns — Working  of  the  Kilns  —  Decoration.  Colouring  Materials  —  Processes  of 
Decoration. 

Part  II.,  Special  Pottery  Methods.  Terra  Cottas.  Classification:  Plain  Ordinary, 
Hollow,  Ornamental,  Vitrified,  and  Light  Bricks — Ordinary  and  Black  Tiles — Paving  Tiles — 
Pipes — Architectural  Terra  Cottas — Vases,  Statues  and  Decorative  Objects — Common  Pottery 
— Pottery  for  Water  and  Filters — Tobacco  Pipes — Lustre  Ware — Properties  and  Tests  for 
Terra  Cottas  —  Fireclay  Goods.  Classification :  Argillaceous,  Aluminous,  Carboniferous, 
Silicious  and  Basic  Fireclay  Goods — Fireclay  Mortar  (Pug) — Tests  for  Fireclay  Goods — 
Faiences.  Varnished  Faiences — Enamelled  Faiences — Silicious  Faiences — Pipeclay  Faiences 
— Pebble  Work — Feldspathic  Faiences — Composition,  Processes  of  Manufacture  and  General 
Arrangements  of  Faience  Potteries — Stoneware.  Stoneware  Properly  So-called:  Paving 
Tiles— Pipes — Sanitary  Ware — Stoneware  for  Food  Purposes  and  Chemical  Productions — 
Architectural  Stoneware — Vases,  Statues  and  other  Decorative  Objects — Fine  Stoneware 
— Porcelain.  Hard  Porcelain  for  Table  Ware  and  Decoration,  for  the  Fire,  for  Electrical 
Conduits,  for  Mechanical  Purposes;  Architectural  Porcelain,  and  Dull  or  Biscuit  Porcelain — 
Soft  Phosphated  or  English  Porcelain — Soft  Vitreous  Porcelain,  French  and  New  Sevres- 
Argillaceous  Soft  or  Seger's  Porcelain — Dull  Soft  or  Parian  Porcelain — Dull  Feldspathic 
Soft  Porcelain — Index. 

POTTERY  DECORATING.  A  Description  of  all  the  Pro- 
cesses for  Decorating  Pottery  and  Porcelain.  By  R.  Hainbach. 
Translated  from  the  German.  Crown  8vo.  250  pp.  Twenty-two 
Illustrations.    Price7s.6d.net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Glazes  and  Engobes. — Glazes  and  Their  Composition — 'Glaze  Materials — The  Prepara- 
tion of  Glazts — Coloured  Glazes — Engobes  and  Glazes  for  same — Porcelain  Glazes.  Ceramic 
Colours. — Preparation  of  Pure  Colours — Underglaze  Colours — Applying  the  Colours  on 
Earthenware — Glost  Fire  Colours — Muffle  Colours — Decorating  Porcelain  with  Metals — 
Decorating  Porcelain  by  Electroplating — Lustre  Decorating  on  Porcelain — Firing  Muffle 
Colours— Imitation  of  Paintings  on  Porcelain — Index. 

ARCHITECTURAL  POTTERY.  Bricks,  Tiles,  Pipes,  Ena- 
melled Terra-cottas,  Ordinary  and  Incrusted  Quarries,  Stoneware 
Mosaics,  Faiences  and  Architectural  Stoneware.  By  Leon  Lei-evre. 
Translated  from  the  French  by  K.  H.  Bird,  M.A.,  and  W.  Moore 
Binns.  With  Five  Plates.  950  Illustrations  in  the  Text,  and  numerous 
estimates.  500  pp.,  royal  8vo.  Price  15s.  net.  (Post  free,  15s.  6d. 
home;  16s.  6d.  abroad.) 

Contents. 

Part  I.  Plain  Undecorated  Pottery.— Clays,  Bricks,  Tiles,  Pipes,  Chimney  Flues, 
Terra-cotta. 

Part  II.  Made-up  or  Decorated  Pottery. 
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THE  ART  OF  RIVETING  GLASS,  CHINA  AND 
EARTHENWARE.  By  J.  Howarth.  Second  Edition. 
Paper  Cover.    Price  Is.  net.    (By  post,  home  or  abroad,  Is.  Id.) 

NOTES  ON  POTTERY  CLAYS.  The  Distribution,  Pro- 
perties, Uses  and  Analyses  of  Ball  Clays,  China  Clays  and  China 
Stone.  By  Jas.  Fairie,  F.G.S.  132  pp.  Crown  Svo.  Price  3s.  6d. 
net.    (Post  free,  3s.  9d.  home ;  3s.  lOd.  abroad.) 


A  Reissue  of 

THE  HISTORY  OF  THE  STAFFORDSHIRE  POTTER- 
IES;  AND  THE  RISE  AND  PROGRESS  OF  THE 
MANUFACTURE  OF  POTTERY  AND  PORCELAIN. 

With  References  to  Genuine  Specimens,  and  Notices  of  Eminent  Pot- 
ters. By  Simeon  Shaw.  (Originally  Published  in  1829.)  265  pp. 
Demy  8vo.   Price7s.6d.net.    (Post  free,  7s.  lOd.  home  ;  8s.  3d.  abroad.) 

Contents. 

Introductory  Chapter  showing  the  position  of  the  Pottery  Trade  at  the  present  time 
(1899)— Preliminary  Remarks— The  Potteries,  comprising  Tunstall,  Brownhills,  Green- 
field and  New  Field,  Golden  Hill,  Latebrook,  Green  Lane,  Burslem,  Longport  and  Dale  Hall, 
Hot  Lane  and  Cobridge,  Hanley  and  Shelton,  Etruria,  Stoke,  Penkhull,  Fenton,  Lane  Delph, 
Foley,  Lane  End— On  the  Origin  of  the  Art,  and  its  Practice  among  the  early  Nations- 
Manufacture  of  Pottery,  prior  to  1700— The  Introduction  of  Red  Porcelain  by  Messrs. 
Elers,  of  Bradwell,  1690— Progress  of  the  Manufacture  from  1700  to  Mr.  Wedgwood's 
commencement  in  1760— Introduction  of  Fluid  Glaze— Extension  of  the  Manufacture  of 
Cream  Colour — Mr.  Wedgwood's  Queen's  Ware— Jasper,  and  Appointment  of  Potter  to  Her 
Majesty— Black  Printing— Introduction  of  Porcelain.  Mr.  W.  Littler's  Porcelain— Mr. 
Cookworthy's  Discovery  of  Kaolin  and  Petuntse,  and  Patent— Sold  to  Mr.  Champion— re- 
sold to  the  New  Hall  Com.— Extension  of  Term— Blue  Printed  Pottery.  Mr.  Turner,  Mr. 
Spode  (1),  Mr.  Baddeley,  Mr.  Spode  (2),  Messrs.  Turner,  Mr.  Wood,  Mr.  Wilson,  Mr.  Minton— 
Great  Change  in  Patterns  of  Blue  Printed— Introduction  of  Lustre  Pottery.  Improve- 
ments in  Pottery  and  Porcelain  subsequent  to  1800. 

A  Reissue  of 

THE  CHEMISTRY  OF  THE  SEVERAL  NATURAL 
AND  ARTIFICIAL  HETEROGENEOUS  COM- 
POUNDS USED  IN  MANUFACTURING  POR- 
CELAIN, GLASS  AND  POTTERY.  By  Simeon  Shaw. 
(Originally  published  in  1837.)  750  pp.  Royal  8vo.  Pricel4s.net.  (Post 
free,  15s.  home;  17s.  abroad.) 


Glassware,  Glass  Staining  and 
Painting. 

RECIPES  FOR  FLINT  GLASS  MAKING.  By  a  British 
Glass  Master  and  Mixer.  Sixty  Recipes.  Being  Leaves  from  the 
Mixing  Boole  of  several  experts  in  the  Flint  Glass  Trade,  containing 
up-to-date  recipes  and  valuable  information  as  to  Crystal,  Demi-crystal 
and  Coloured  Glass  in  its  many  varieties.  It  contains  the  recipes  for 
cheap  metal  suited  to  pressing,  blowing,  etc.,  as  well  as  the  most  costly 
crystal  and  ruby.  Second  Edition.  Crown  Svo.  Price  10s.  6d.  net. 
(Post  free,  10s.  9d.  home;  10s.  lOd.  abroad.) 

Contents. 

Ruby-Ruby  from  Copper-Flint  for  using  with  the  Ruby  for  Coating-A  G^™""^?'- 
ornelian,  or  Alabaster-Sapphire  Blue-Crysoph,S-Onal-Turquo,se  Blue-Gold  Colour- 
Dark  Green-Green  (common)-Green  for  Malachite-Blue  for  Malach.te-Black  for  Mela- 
chite-Black-Common  Canary  Batch-Canary-White  Opaque  Glass-Seahng-wax  Red- 
Flint-Flint  Glass  (Crystal  and  Demi)-Achromatic  Glass-Paste  Glass-White  Enamel- 
Firestone- Dead  White  (for  moons)-White  Agate-Canary— Canary  bnamel-lndex. 
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A  TREATISE  ON  THE  ART  OF  GLASS  PAINTING. 

Prefaced  with  a  Review  of  Ancient  Glass.  By  Ernest  R.  Suffling. 
With  One  Coloured  Plate  and  Thirty-seven  Illustrations.  Demy  8vo. 
140  pp.    Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents.  J  ,  ^ 

A  Short  History  of  Stained  Glass— Designing  Scale  Drawings— Cartoons  and  the  Cut  Line 
-Various  Kinds  of  Glass  Cutting  for  Windows— The  Colours  and  Brushes  used  m  Glass 
Painting— Painting  on  Glass,  Dispersed  Patterns— Diapered  Patterns— Aciding— Firing— 
Fret  Lead  Glazing — Index. 

PAINTING  ON  GLASS  AND  PORCELAIN  AND 
ENAMEL  PAINTING.  A  Complete  Introduction  to  the 
Preparation  of  all  the  Colours  and  Fluxes  used  for  Painting  on  Porce- 
lain, Enamel,  Faience  and  Stoneware,  the  Coloured  Pastes  and  Col- 
oured Glasses,  together  with  a  Minute  Description  of  the  Firing  of 
Colours  and  Enamels.  By  Felix  Hermann,  Technical  Chemist.  With 
Eighteen  Illustrations.  300  pp.  Translated  from  the  German  second 
and  enlarged  Edition.  Price  10s.  6d.  net.  (Post  free,  10s.  lOd.  home  ; 
lis.  abroad.) 

Paper  Making,  Paper  Dyeing, 
and  Testing. 

THE  DYEING  OF  PAPER  PULP.  A  Practical  Treatise  for 
the  use  of  Papermakers,  Paperstainers,  Students  and  others.  By 
Julius  Erfurt,  Manager  of  a  Paper  Mill.  Translated  into  English 
and  Edited  with  Additions  by  Julius  Hubner,  F.C.S.,  Lecturer  on 
Papermaking  at  the  Manchester  Municipal  Technical  School.  With 
Illustrations  and  157  patterns  of  paper  dyed  in  the  pulp.  Royal 
8vo,  180  pp.   Price  15s.  net.   (Post  free,  15s.  6d.  home  ;  16s.  6d.  abroad.) 

Contents.  . 

Behaviour  of  the  Paper  Fibres  during  the  Process  of  Dyeing,  Theory  of  the 
Mordant— Colour  Fixing  Mediums  (Mordants)— Influence  of  the  Quality  of  the  Water 
Used— Inorganic  Colours— Organic  Colours— Practical  Application  of  the  Coal  Tar 
Colours  according  to  their  Properties  and  their  Behaviour  towards  the  Different 
Paper  Fibres— Dyed  Patterns  on  Various  Pulp  Mixtures— Dyeing  to  Shade— Index. 

THE  PAPER  MILL  CHEMIST.  By  Henry  P.  Stevens, 
M.A.,  Ph.D.,  F.I.C.  Royal  12mo.  60  Illustrations.  300  pp.  Price 
7s.  6d.  net.     (Post  free,  7s.  9d.  home  ;  7s.  lOd.  abroad.) 

Contents. 

Introduction.— Dealing  with  the  Apparatus  required  in  Chemical  Work  and  General 
Chemical  Manipulation,  introducing  the  subject  of  Qualitative  and  Quantitative  Analysis. 
Fuels.— Analysis  of  Coal,  Coke  and  other  Fuels— Sampling  and  Testing  for  Moisture,  Ash, 
Calorific  Value,  etc.— Comparative  Heating  Value  of  different  Fuels  and  Relative  Efficiency. 
Water  —Analysis  for  Steam  Raising  and  for  Paper  Making  Purposes  generally— Water 
Softening  and  Purification— A  List  of  the  more  important  Water  Softening  Plant,  giving 
Power  required,  Weight,  Space  Occupied,  Out-put  and  Approximate  Cost.  Raw  Materials 
and  Detection  of  Adulterants.— Analysis  and  Valuation  of  the  more  important  Chemicals 
used  in  Paper  Making,  including  Lime,  Caustic  Soda,  Sodium  Carbonate,  Mineral  Acids, 
Bleach  Antichlor,  Alum,  Rosin  and  Rosin  Size,  Glue  Gelatin  and  Casein,  Starch,  China  Clay, 
Blanc  Fixe,  Satin  White  and  other  Loading  Materials,  Mineral  Colours  and  Aniline  Dyes. 
Manufacturing  Operations.— Rags  and  the  Chemical  Control  of  Rag  Boiling— Esparto 
Boiling— Wood  Boiling— Testing  Spent  Liquors  and  Recovered  Ash— Experimental  feats 
with  Raw  Fibrous  Materials— Boiling  in  Autoclaves— Bleaching  and  making  up  Hand  Sheets 
—Examination  of  Sulphite  Liquors— Estimation  of  Moisture  in  Pulp  and  Half-stuff— Recom- 
mendations of  the  British  Wood  Pulp  Association.  Finished  Products.— Paper  Testing, 
including  Physical,  Chemical  and  Microscopical  Tests,  Area,  Weight,  Thickness,  Apparent 
Specific  Gravity,  Bulk  or  Air  Space.  Determination  of  Machine  Direction,  Thickness, 
Strength,  Stretch,  Resistance  to  Crumpling  and  Friction,  Transparency,  Absorbency  and 
other  qualities  of  Blotting  Papers— Determination  of  the  Permeability  of  Filtering  Papers- 
Detection  and  Estimation  of  Animal  and  Vegetable  Size  in  Paper— Sizing  Qualities  of 
Paper— Fibrous  Constituents— Microscopical  Examination  of  Fibres— The  Effect  of  Beating 
on  Fibres— Staining  Fibres— Mineral  Matter— Ash— Qualitative  and  Quantitative  Examina- 
tion of  Mineral  Matter— Examination  of  Coated  Papers  and  Colouring  Matters  in  Paper. 
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CONTENTS  OF  "  THE  PAPER  MILL  CHEMIST " — contd. 

Tables.— English  and  Metrical  Weights  and  Measures  with  Equivalents— Conversion  of 
Grams  to  Grains  and  vice  versa — Equivalent  Costs  per  lb.,  cwt.,and  ton — Decimal  Equivalents 
of  lbs.,  qrs.,  and  cwts. — Thermometric  and  Barometric  Scales — Atomic  Weights  and  Molecular 
Weights— Factors  for  Calculating  the  Percentage  of  Substance  Sought  from  the  Weight  of 
Substance  Found — Table  of  Solubilities  of  Substances  Treated  of  in  Paper  Making — Specific 
Gravity  Tables  of  such  substances  as  are  used  in  Paper  Making,  including  Sulphuric  Acid, 
Hydrochloric  Acid,  Bleach,  Milk  of  Lime,  Caustic  Soda,  Carbonate  of  Soda,  etc.,  giving 
Percentage  Strength  with  Specific  Gravity  and  Degrees  Tw. — Hardness  Table  for  Soap 
Tests — Dew  Point — Wet  and  Dry  Bulb  Tables— Properties  of  Saturated  Steam,  giving 
Temperature,  Pressure  and  Volume — List  of  Different  Machines  used  in  the  Paper  Making 
Industry,  giving  Size,  Weight,  Space  Occupied,  Power  to  Drive,  Out-put  and  Approximate 
Cost — Calculation  of  Moisture  in  Pulp — Rag-Boiling  Tables,  giving  Percentages  of  Lime, 
Soda  and  Time  required— Loss  in  Weight  in  Rags  and  other  Raw  Materials  during  Boiling 
and  Bleaching — Conditions  of  Buying  and  Selling  as  laid  down  by  the  Paper  Makers'  Associa- 
tion— Table  of  Names  and  Sizes  of  Papers — Table  for  ascertaining  the  Weight  per  Ream  from 
the  Weight  per  Sheet — Calculations  of  Areas  and  Volumes — Logarithms — Blank  pages  for 
Notes. 

THE  TREATMENT  OF  PAPER  FOR  SPECIAL 
PURPOSES,  By  L.  E.  Andes.  Translated  from  the 
German.  Crown  8vo.  48  Illustrations.  250  pp.  Price  6s.  net.  (Post 
free,  6s.  4d.  home;  6s.  6d.  abroad). 

Contents. 

I,,  Parchment  Paper,  Vegetable  Parchment. — The  Parchment  Paper  Machine — 
Opaque  Supple  Parchment  Paper — Thick  Parchment — Krugler's  Parchment  Paper  and  Parch- 
ment Slates — Double  and  Triple  Osmotic  Parchment — Utilising  Waste  Parchment  Paper — ■ 
Parchmented  Linen  and  Cotton — -Parchment  Millboard — Imitation  Horn  and  Ivory  from 
Parchment  Paper — Imitation  Parchment  Paper — -Artificial  Parchment — Testing  the  Sulphuric 
Acid.  II.,  Papers  for  Transfer  Pictures.  111.,  Papers  for  Preservative  and  Packing 
Purposes. — Butter  Paper— Wax  Paper — Paraffin  Paper — Wrapping  Paper  for  Silverware — 
Waterproof  Paper — Anticorrosive  Paper.  IV.,  Grained  Transfer  Papers.  V.,  Fireproof  and 
Antifalsification  Papers.  VI.,  Paper  Articles. — Vulcanised  Paper  Mache — Paper  Bottles — 
Plastic  Articles  of  Paper — Waterproof  Coverings  for  Walls  and  Ceilings — Paper  Wheels, 
Roofing  and  Boats — Parer  Barrels — Paper  Boxes — Paper  Horseshoes.  VII.,  Gummed  Paper. 
VIII.,  Hectograph  Papers.  IX.,  Insecticide  Papers. — Fly  Papers — Moth  Papers.  X., 
Chalk  and  Leather  Papers. — Glace  Chalk  Paper — Leather  Paper — Imitation  Leather. 
XL,  Luminous  Papers — Blue-Print  Papers — Blotting  Papers.  XII.,  Metal  Papers — Medi- 
cated Papers.  XIII.,  Marbled  Papers.  XIV.,  Tracing  and  Copying  Papers — Iridiscent  or 
Mother  of  Pearl  Papers.  XV.,  Photographic  Papers— Shellac  Paper — Fumigating  Papers — 
Test  Papers.  XVI.,  Papers  for  Cleaning-  and  Polishing-  Purposes — Glass  Paper— 
Pumic  Paper — Emery  Paper.  XVII.,  Lithographic  Transfer  Papers.  XIX.,  Sundry 
Special  Papers — Satin  Paper — Enamel  Paper — Cork  Paper— Split  Paper — Electric  Paper — 
Paper  Matches — Magic  Pictures — Laundry  Blue  Papers — Blue  Paper  for  Bleachers.  XX., 
Waterproof  Papers — Washable  Drawing  Papers — Washable  Card — Washable  Coloured  Paper 
—Waterproof  Millboard— Sugar  Paper.    XXI.,  The  Characteristics  of  Paper— Paper  Testing. 

Enamelling  on  Metal. 

ENAMELS  AND  ENAMELLING.  For  Enamel  Makers, 
Workers  in  Gold  and  Silver,  and  Manufacturers  of  Objects  of  Art. 
By  Paul  Randau.  Translated  from  the  German.  With  Sixteen  Illus- 
trations. Demy  8vo.  180  pp.  Price  10s.  6d.  net.  (Post  free,  10s.  lOd. 
home;  lis.  abroad.) 

THE  ART  OF  ENAMELLING  ON  METAL.     By  W. 

Norman  Brown.  Twenty-eight  illustrations.  Crown  8vo.  60  pp. 
Price  2s.  6d.  net.    (Post  free,  2s.  9d.  home  and  abroad.) 

Silk  Manufacture. 

SILK   THROWING   AND   WASTE   SILK  SPINNING. 

By  Hollins  Rayner.  Demy  8vo.  170  pp.  117  Illus.  Price  5s.  net. 
(Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

Contents.  _„,  _, 

The  Silkworm— Cocoon  Reeling  and  Qualities  of  Silk— Silk  Throwing— Silk  \\  astes— 1  he 
Preparation  of  Silk  Waste  for  Degumming— Silk  Waste  Degumming,  Schapping  and  Dis- 
charging—The Opening  and  Dressing  of  Wastes— Silk  Waste  "Drawing"  or  "Preparing  ' 
Machinery— Long  Spinning— Short  Spinning— Spinning  and  Finishing  Processes— Utilisation 
of  Waste  Products— Noil  Spinning— Exhaust  Noil  Spinning. 
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Books  on  Textile  and  Dyeing 

Subjects. 

THE  CHEMICAL  TECHNOLOGY  OF  TEXTILE 
FIBRES:  Their  Origin,  Structure,  Preparation,  Washing, 
Bleaching,  Dyeing,  Printing  and  Dressing.  By  Dr.  Georg  von 
Georgievics.  Translated  from  the  German  by  Charles  Salter. 
320  pp.  Forty-seven  Illustrations.  Royal  8vo.  Price  10s.  6d.  net. 
(Post  free,  lis.  home  ;  lis.  3d.  abroad.) 

Contents. 

The  Textile   Fibres— Washing,    Bleaching,   Carbonising— Mordants   and  Mor= 
danting— Dyeing— Printing— Dressing  and  Finishing. 

POWER-LOOM  WEAVING  AND  YARN  NUMBERING, 

According  to  Various  Systems,  with  Conversion  Tables.  Translated 
from  the  German  of  Anthon  Gruner.  With  Twenty-six  Diagrams 
in  Colours.  150  pp.  Crown  8vo.  Price  7s.  6d.  net.  (Post  free, 
7s.  9d.  home  ;  8s.  abroad.) 

Contents.  „  „  , 

Power-Loom  Weaving  in  General.  Various  Systems  of  Looms— Mounting  and 
Starting  the  Power- Loom.  English  Looms-Tappet  or  Treadle  Lo^-D°  f'e  " 
General  Remarks  on  the  Numbering,  Reeling  and  Packing  of  Yarn-Appendix-Useful 
Hints     Calculating  Warps— Weft  Calculations— Calculations  of  Cost  Price  in  Hanks. 

TEXTILE  RAW  MATERIALS  AND  THEIR  CON- 
VERSION INTO  YARNS.  (The  Study  of  the  Raw 
Materials  and  the  Technology  of  the  Spinning  Process.)  By  Julius 
Zipser.  Translated  from  German  by  Charles  Salter.  302  Illus- 
trations. 500  pp.  Demy  8vo.  Price  10s.  6d.  net.  (Post  free,  lis. 
home;  lis.  6d.  abroad.) 

Contents. 

PART  1.— The  Raw  Materials  Used  in  the  Textile  Industry. 

Mineral  Raw  Materials.    Vegetable  Raw  Materials.    Animal  Raw  Materials. 
PART  II.— The  Technology  of  Spinning  or  the  Conversion  of  Textile  Raw 

Materials  into  Yarn.   

Spinning  Vegetable  Raw  Materials.  Cotton  Sp.nning-InstaUation  of  a  Cotton 
Mill— Spinning  Waste  Cotton  and  Waste  Cotton  Yarns— Flax  Spinning— Fine  Spinning— low 
Spinning-Hemp  Spinning-Spinning  Hemp  Tow  String-Jute  Spinning-Spinning  Jute  Line 
Yarn — Utilising  Jute  Waste. 

PART  111.— Spinning  Animal  Raw  Materials.  . 

Spinning  Carded  Woollen  Yarn-Finishing  Yarn-Worsted  Spinning-Finishing  Wonted 
Yarn-Artificial  Wool  or  Shoddy  Spinning-Shoddy  and  Mungo  Manufac  ure-Sp.nn.ng 
Shoddy  and  other  Wool  Substitutes— Spinning  Waste  Silk— Chappe  S.Ik— Fine  Spinning— 
Index. 

GRAMMAR   OF  TEXTILE  DESIGN.     By   H.  Nisbet, 

Weaving  and  Designing  Master,  Bolton  Municipal  Technical  School. 
Demy  8vo.  280  pp.  490  Illustrations  and  Diagrams.  Price  6s.  net. 
(Post  free,  6s.  4d.  home;  6s.  6d.  abroad.) 

Contents.  ,  ,  .  _  . 

Chapter  I.,  Introduction— General  Principle  of  Fabric  Structure  and  the  use  of  Design 

^Chapter  II.,  The  Plain  Weave  and  its  Modifications.— The  Plain.  Calico,  or 
Tabby  Weave.— Firmness  of  Texture- Variety  of  Texture— Variety  of  Form :  Ribbed  Fabrics 
—Corded  Fabrics— Matt  Weaves.  _ 

Chapter  III.,  Twill  and  Kindred  Weaves.— Classification  of  Twill  Weaves.— i.  Con- 
tinuous Twllls-(«)  Warp-facc  Twills-(b)  Weft-fa.ce  Tmlls-g)  Warp  ana [\V eft.  cue  IwMs- 
The  Angle  of  Twill-Innuences  affecting  the  Prominence  of  Twills  and  Kindred  Weaves  (a 
Character  of  Weave,  (6)  Character  of  Yarn,  (c)  Number  oj <  I  hreach  per  Inch,  (J)  Ihrvihonoj 
Twill  in  Relation  to  the  Direction  of  Twist  m  Yam— a.  Zigzag  or  Wnvy  1  wills— 3.  Re- 
arranged Twills:  Satin  Weaves— Table  of  Intervals  of  Selection  for  the  Construction  ol 
Satin  Weaves-Corkscrew  Twills-Hearrangement  of  Twill  Weaves  on  Satin  and  other 
Muses-4.  Combined  Twllls-5.  Broken  Twllls-6.  Figured  or  Ornamented  Twills. 

Chapter  IV.,  Diamond  and  Kindred  Weaves,— Diamond  Weaves.— Honeycomb  and 
Kindred  Weaves— Brighton  Weaves-Sponge  Weaves— Huck-a-Back  and  Kindred  Weaves- 
Grecian  Weaves — Linear  Zigzag  Weaves.  .   

Chapter  V.,  Bedford  CoRDS.-Plain  Calico-ribbed  Bedford  Cords-Plain  Twill-ribbed 
Bedford  Cords— Figured  Bedford  Cords— Tabulated  Data  of  Particulars  relating  to  the  Manu- 
facture of  Seventeen  Varieties  of  Bedford  Cord  Fabrics  described  111  this  Chapter. 

[Continued  on  next  page 
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CONTENTS  OF  "GRAMMAR  OF  TEXTILE  DESIGN  " — 

continued. 

Chapter  VI.,  Backed  Fabrics. — Weft-baclied  Fabrics — Warp-backed  Fabrics — Reversible 
or  Double-faced  Fabrics. 

Chapter  VII.,  Fustians.— Varieties  of  Fustians. — Imperials  or  Swansdowns — Cantoons 
or  Diagonals — Moleskins — Beaverteens — Velveteens  and  Velveteen  Cutting — Ribbed  or 
Corded  Velveteen — Figured  Velveteen — Corduroy — Figured  Corduroy — Corduroy  Cutting 
Machines. 

Chapter  VIII.,  Terry  Pile  Fabrics. — Methods  of  producing  Terry  Pile  on  Textile  Fab- 
rics— Terry-forming  Devices — Varieties  of  Terry  Fabrics — Action  of  the  Reed  in  Relation  to 
Shedding — Figured  Terry  Weaving — Practical  Details  of  Terry  Weaving. 

Chapter  IX.,  Gauze  and  Leno  Fabrics. — Gauze,  Net  Leno,  and  Leno  Brocade 
Varieties  of  Cross-Weaving. — Plain  Gauze,  and  a  Heald  Gauze  or  Leno  Harness — Net 
Leno  Fabrics — Gauze  and  Net  Leno  Figuring  by  means  of  several  Back  Standard  Healds  to 
each  Doup  Heald — Leno  Specialities  produced  by  a  System  of  Crossing  Warp  Ends  in 
front  of  the  Reed — A  Device  for  the  Production  of  Special  Leno  Effects — Full  Cross  Leno 
Fabrics — Relative  Merits  of  a  Top  and  a  Bottom  Doup  Harness— Relative  Merits  of  Different 
Types  of  Dobbies  for  Gauze  and  Leno  Fabrics — Shaking  Devices  for  Leno  Weaving — Practical 
Details  of  Leno  Weaving — Tempered  Steel-wire  Doup  Harnesses  for  Cross=weaving — 
Mock  or  Imitation  Leno  Fabrics. 

Chapter  X.,  TissuE,  Lappet,  and  Swivel  Figuring;  also  Ondule  Effects,  and 
Looped  Fabrics. — Tissue  Figuring — Madras  Muslin  Curtains — Lappet  Figuring — Spot 
Lappet  Figuring — Swivel  Figuring — Woven  Ondule  Effects — Loom  for  Weaving  Onduld 
Effects — Weft  Ondule  Effects — Looped  Fabrics. — Index. 

ART  NEEDLEWORK  AND  DESIGN.    POINT  LACE.  A 

Manual  of  Applied  Art  for  Secondary  Schools  and  Continuation  Classes. 
By  M.  E.  Wilkinson.  Oblong  quarto.  With  22  Plates.  Bound  in 
Art  Linen.     Price  3s.  6d.  net.    (Post  free,  3s.  lOd.  home ;  4s.  abroad.) 

Contents. 

Sampler  of  Lace  Stitches — Direct  ons  for  work  ng  Point  Lace,  tracing  Patterns,  etc. — 
List  of  Materials  and  Implements  required  for  working.  Plates  I.,  Simple  Lines,  Straight  and 
Slanting,  and  Designs  formed  from  them.  II.,  Patterns  formed  from  Lines  in  previous 
Lesson.  III.,  Patterns  formed  from  Lines  in  previous  Lesson.  IV.,  Simple  Curves,  and 
Designs  formed  from  them.  V.,  Simple  Leaf  form,  and  Designs  [formed  from  it.  VI.,  Ele, 
mentary  Geometrical  forms,  with  Definitions.  VII.,  Exercises  on  previous  Lessons.  VIII., 
Filling  of  a  Square,  Oblong  and  Circle  with  Lace  Stitches.  IX.,  Design  for  Tie  End,  based 
on  simple  Leaf  form.  X.,  Lace  Butterflies  (Freehand).  XL.  Twenty  simple  Designs  evolved 
from  Honiton  Braid  Leaf.  XII.,  Design  for  Lace  Handkerchief,  based  on  previous  Lesson. 
XIII.,  Design  for  Tea-cosy.  XIV.,  Freehand  Lace  Collar.  XV.,  Freehand  Lace  Cuff  (to 
match).  XVI.,  Application  of  Spray  from  Lesson  XI.  XVII.,  Adaptation  of  Curves  within 
a  Square,  for  Lace  Cushion  Centre.  XVIII.,  Conventional  Spray  for  corner  of  Tea-cloth. 
XIX.,  Geometrical  form  for  Rosebowl  D'Oyley,  to  be  originally  filled  in.  XX.,  Geometrical 
form  for  Flower-vase  D'Oyley,  to  be  originally  filled  in.  Each  Lesson  contains  Instructions 
for  Working,  and  application  of  new  Stitches  from  Sampler. 

HOME  LACE-MAKING.  A  Handbook  for  Teachers  and 
Pupils.  By  M.  E.  W.  Milroy.  Crown  8vo.  64  pp.  With  3  Plates 
and  9  Diagrams.  Price  Is.  net.  (Post  free,  Is.  3d.  home;  Is.  4d. 
abroad.) 

THE  CHEMISTRY  OF  HAT  MANUFACTURING.  Lec- 
tures delivered  before  the  Hat  Manufacturers'  Association.  By  Wat- 
son Smith,  F.C.S.,  F.I.C.  Revised  and  Edited  by  Albert  Shonk. 
Crown  8vo.  132  pp.  16  Illustrations.  Price  7s.  6d.  net.  (Post  free, 
7s.  9d.  home;  7s.  lOd.  abroad.) 

THE  TECHNICAL  TESTING  OF  YARNS  AND  TEX- 
TILE FABRICS.  With  Reference  to  Official  Specifica- 
tions. Translated  from  the  German  of  Dr.  J.  Herzfeld.  Second 
Edition.  Sixty-nine  Illustrations.  200  pp.  Demy  Svo.  Price  10s.  6d. 
net.    (Post  free,  10s.  lOd.  home  ;  lis.  abroad.) 

DECORATIVE  AND  FANCY  TEXTILE  FABRICS. 
By  R.  T.  Lord.  For  Manufacturers  and  Designers  of  Carpets,  Damask, 
Dress  and  all  Textile  Fabrics.  200  pp.  Demy  Svo.  132  Designs  and 
Illustrations.    Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  Ss.  abroad.) 

THEORY  AND  PRACTICE  OF  DAMASK  WEAVING. 
By  H.  Kinzer  and  K.  Walter.  Royal  8vo.  Eighteen  Folding  Plates. 
Six  Illustrations.  Translated  from  the  German.  110  pp.  Price  8s.  6d. 
net.    (Post  free,  9s.  home  ;  9s.  6d.  abroad.) 
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TEXTILE  BOOKS — continued. 

Contents.         , .  ,  „,u„i„ 

The  Various  Sorts  of  Damask  Fabrics-Drill  (Ticking,  Handloom-made)-Whole 
Damask  fo^TabledStht-Damask  with  Ground-  and  Connecting-warp  Threads-Furniture 
D*S"k-Lampa8  or .Hangings-Church  Damasks-The  Manufacture  of  Whole  Damask 

r^mMk^wRementwKhind  without  Cross-Shedding-The  Altered  Cone-arrangement-- 
The  PHncWe  ofthe  Corner  Lifting  Cord-The  Roller  Principle-The  Combination  of  the 
Tacquard  w?th  the  so  caHed  Damask  Machine-The  Special  Damask  Machine-The  Combina- 
tion of  Two  Tyings. 

FAULTS  IN  THE  MANUFACTURE  OF  WOOLLEN 
GOODS  AND  THEIR  PREVENTION.  By  Nicolas 
Reiser.  Translated  from  the  Second  German  Edition.  Crown  Svo. 
Sixty-three  Illustrations.  170  pp.  Price  5s.  net.  (Post  free,  5s.  4d. 
home ;  5s.  6d.  abroad.)        ^  tents 

Imnmnp.,v  Chosen   Raw  Material^or^mproper  Mixtures— Wrong  Treatment  of  the 

Rrpnkine  of  Warn  and  Weft  Threads— Presence  of  Doubles,  bingles,  imra,  l^oose, 
a^d  too  H^rd  Twisted  Threads  as  well  as  Tangles,  Thick  Knots  and  the  Like-Errors  m 
Cross-weaving-rnequalities,  i.e..  Bands  and  Stripes-Dirty  J^^^^^Z^ 
HoIps  and  Buttons— Rubbed  Places— Creases— Spots— Loose  and  Bad  Colours—  tsaaiy  uyea 
Setter-Hard  Goods- Brittle  Goods-Uneven  Goods- Removal  of  Bands,  Stripes, 
Creases  and  Spots. 

SPINNING  AND  WEAVING  CALCULATIONS,  especially 
relating  to  Woollens.  From  the  German  of  N  Reiser.  Thirty-four 
illustrations.  Tables.  160  pp.  Demy  Svo.  1904.  Pncel0s.6d.net. 
(Post  free,  10s.  lOd.  home  ;  lis.  abroad.) 

Calculating  the  Raw  Material-Portion' "of  Different ^  Grades  of  W°ol  to  Fur^h  a 
Mixture  at  a  Given  Price— Quantity  to  Produce  a  Given  Length— Yarn  Calculations  larn 
Number-^Worklng  Calculations-Calculating  the  Reed  Count-Cost  of  Weaving,  etc. 

WATERPROOFING  OF  FABRICS.  By  Dr.  S.  Mierzinski. 
Crown  8vo.  104  pp.  19  Illus.  Price  5s.  net.  (Post  free,  5s.  3d.  home; 
5s.  4d.  abroad.) 

Fabrics-Waterproofing  with  Gelatine,  Tannin,  Casemate  of  Lime  and  other  Bodies  Manu 
facture  of  Tarpaulin— British  Waterproofing  Patents— Index. 

HOW  TO  MAKE  A  WOOLLEN  MILL  PAY.  By  John 
Mackie.  Crown  Svo.  76  pp.  Price  3s.  6d.  net.  (Post  free,  3s.  9d. 
home  ;  3s.  lOd.  abroad.) 

Blends  Piles  or  Mixtures  of  Clean  Ifoured  W^ls-Dyed  Wool  Book-The  Order  Book 
-Pattern Duplicate  Books-Management  and  Oversight-Constant  Inspection  of  Mill  De- 
partments-Importance of  Delivering  Goods  to  T.me,  Shade,  Strength,  etc.-Plums. 

(For  "  Textile  Soaps  and  Oils     see  p.  7.) 

Dyeing,    Colour  Printing, 
Matching  and  Dye-stuffs. 

THE  COLOUR  PRINTING  OF  CARPET  YARNS.  Manual 
for  Colour  Chemists  and  Textile  Printers.  By  David  Paterson, 
F.C.S.  Seventeen  Illustrations.  136  pp.  Demy  Svo.  Price  7s.  6d. 
net.    (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

Structure  and  Constitution  of  Wool  FTb^e^Ya^lcouring-Scouring  Materials-Water  for 
Dyes  and  Dye-wares  used  in  Wood  Yarn  Printing— Appendix. 
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THE  SCIENCE  OF  COLOUR  MIXING.  A  Manual  in- 
tended for  the  use  of  Dyers,  Calico  Printers  and  Colour  Chemists.  By 
David  Paterson,  F.C.S.  Forty-one  Illustrations,  Five  Coloured  Plates, 
and  Four  Plates  showing  Eleven  Dyed  Specimens  of  Fabrics.  132 

pp.  Demy  Svo.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s. 
abroad.) 

Contents. 

Colour  a  Sensation;  Colours  of  Illuminated  Bodies;  Colours  of  Opaque  and  Transparent 
Bodies;  Surface  Colour — Analysis  of  Light;  Spectrum;  Homogeneous  Colours;  Ready 
Method  of  Obtaining  a  Spectrum — Examination  of  Solar  Spectrum;  The  Spectroscope  and 
Its  Construction  ;  Colourists'  Use  of  the  Spectroscope — Colour  by  Absorption  ;  Solutions  and 
Dyed  Fabrics;  Dichroic  Coloured  Fabrics  in  Gaslight — Colour  Primaries  of  the  Scientist 
versus  the  Dyer  and  Artist;  Colour  Mixing  by  Rotation  and  Lye  Dyeing;  Hue,  Purity, 
Brightness;  Tints;  Shades,  Scales,  Tones,  Sad  and  Sombre  Colours— Colour  Mixing;  Pure 
and  Impure  Greens,  Orange  and  Violets;  Large  Variety  of  Shades  from  few  Colours;  Con- 
sideration of  the  Practical  Primaries:  Red,  Yellow  and  Blue — Secondary  Colours ;  Nomen- 
clature of  Violet  and  Purple  Group;  Tints  and  Shades  of  Violet;  Changes  in  Artificial  Light 
— Tertiary  Shades  ;  Broken  Hues;  Absorption  Spectra  of  Tertiary  Shades — Appendix :  Four 
Plates  with  Dyed  Specimens  Illustrating  Text — Index. 

DYERS'  MATERIALS  :  An  Introduction  to  the  Examination, 
Evaluation  and  Application  of  the  most  important  Substances  used  in 
Dyeing,  Printing,  Bleaching  and  Finishing.  By  Paul  Heerman,  Ph.D. 
Translated  from  the  German  by  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc. 
(Lond.).  Twenty-four  Illustrations.  Crown  8vo.  150  pp.  Price  5s. 
net.    (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

COLOUR  MATCHING  ON  TEXTILES.  A  Manual  in- 
tended for  the  use  of  Students  of  Colour  Chemistry,  Dyeing  and 
Textile  Printing.  By  David  Paterson,  F.C.S.  Coloured  Frontis- 
piece.   Twenty-nine  Illustrations  and  Fourteen  Specimens  of  Dyed 

Fabrics.  Demy  8vo.  132  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ;  8s.  abroad.) 

Contents. 

Colour  Vision  and  Structure  of  the  Eye — Perception  of  Colour — Primary  and  Comple- 
mentary Colour  Sensations — Daylight  for  Colour  Matching — Selection  of  a  Good  Pure  Light 
— Diffused  Daylight,  Direct  Sunlight,  Blue  Skylight,  Variability  of  Daylight,  etc.,  etc. — 
Matching  of  Hues — Purity  and  Luminosity  of  Colours — Matching  Bright  Hues — Aid  of  Tinted 
Films — Matching  Difficulties  Arising  from  Contrast — Examination  of  Colours  by  Reflected 
and  Transmitted  Lights— Effect  of  Lustre  and  Transparency  of  Fibres  in  Colour  Matching 
— Matching  of  Colours  on  Velvet  Pile — Optical  Properties  of  Dye-stuffs,  Dichroism,  Fluor- 
escence— Use  of  Tinted  Mediums — Orange  Film — Defects  of  the  Eye — Yellowing  of  the  Lens 
— Colour  Blindness,  etc. — Matching  of  Dyed  Silk  Trimmings  and  Linings  and  Bindings — Its 
Difficulties — Behaviour  of  Shades  in  Artificial  Light — Colour  Matching  of  Old  Fabrics,  etc. — 
Examination  of  Dyed  Colours  under  the  Artificial  Lights — Electric  Arc,  Magnesium  and  Dufton, 
Gardner  Lights,  Welsbach,  Acetylene,  etc. — Testing  Qualities  of  an  Illuminant — Influence 
of  the  Absorption  Spectrum  in  Changes  of  Hue  under  the  Artificial  Lights — Study  of  the 
Causes  of  Abnormal  Modifications  of  Hue,  etc. 

COLOUR:  A  HANDBOOK  OF  THE  THEORY  OF 
COLOUR.  By  George  H.  Hurst,  F.C.S.  With  Ten 
Coloured  Plates  and  Seventy-two  Illustrations.  160  pp.  Demy  Svo. 
Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Colour  and  Its  Production— Cause  of  Colour  in  Coloured  Bodies— Colour  Pheno- 
mena and  Theories— The  Physiology  of  Light— Contrast— Colour  in  Decoration  and 
Design— Measurement  of  Colour. 

Reissue  of 

THE  ART  OF  DYEING  WOOL,  SILK  AND  COTTON. 

Translated  from  the  French  of  M.  Hellot,  M.  Macquer  and  M.  le 
Pileur  D'Apligny.  First  Published  in  English  in  1789.  Six  Plates. 
Demy  8vo.  446  pp.  Price  5s.  net.  (Post  free,  5s.  6d.  home;  6s. 
abroad.) 

Contents. 

Part  I.,  The  Art  of  Dyeing  Wool  and  Woollen  Cloth,  Stuffs,  Yarn,  Worsted,  etc. 
Part  II.,  The  Art  of  Dyeing  Silk.  Part  III.,  The  Art  of  Dyeing  Cotton  and  Linen 
Thread,  together  with  the  Method  of  Stamping  Silks,  Cottons,  etc. 
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THE  CHEMISTRY  OF  DYE-STUFFS.  By  Dr.  Georg  Von 
Georgievics.  Translated  from  the  Second  German  Edition.  41-4  pp. 
Demy  8vo.   Price  10s.  6d.  net.   (Post  free,  lis.  home  ;  lis.  6d.  abroad.) 

or  Diphenylamine  Dye-stuffs-The  Az.ne  Group  :  Eu rhodmes .  Saframn«  an  _ 
Natural  Dye-stuffs— Mineral  Colours— Index. 

THE  DYEING  OF  COTTON  FABRICS  :  A  Practical 
Handbook  for  the  Dyer  and  Student.  By  Franklin  Beech  Practical 
CoToS  and  Chemist.  272  pp.  Forty-four  m-trat.ons ,of  Bteachmg 
and  Dyeing  Machinery.  Demy  8vo.  Price  7s.  6d.  net.  (Post  tree, 
7s.  lOd.  home  ;  8s.  abroad.) 

Contents.  . 

S^Sffi^^  FabPrics-Experimenta, 
^^^^  o'SS^^^  P^uction  on  Cotton  Fabrics  of  a,,  kinds  of  a 
great  range  of  colours. 

THE  DYEING  OF  WOOLLEN  FABRICS.  By  Franklin 
Beech  Practical  Colourist  and  Chemist.  Thirty-three  Illustrations 
Demy 8vo  228  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 
8s.  abroad.) 

Dyeing  with  the  D.rect  D^-Dyegg ™th  ^,^8  ^S^Morfantinl  of  Wc-ol- 
with  Mordant  Dyes— Level  Dyemg-Blaclisonwooi    «eu&  Wool— Blue  Shades  on 

Orange  Shades >on  Wool-Yellow  Shades  on ^"Jjf^f  &a£t  Slours  on  Wool-Dyeing 

Snf  ^pin^DrVin^-Lper^^al^eing  and  Comparative  Dye  Tesfng-Test.ng  of 
the  Colour  of  Dyed  Fabrics— Index. 

Bleaching  and  Washing. 

A  PRACTICAL  TREATISE  ON  THE  BLEACHING  OF 
LINEN  AND  COTTON  YARN  AND  FABRICS.  By 

L  Tailfer,  Chemical  and  Mechanical  Engineer.  Translated  from  the 
French  by  John  Geddes  McIntosh.  Demy  8vo.  303  pp.  Twenty 
Illus.    Price  12s.  6d.  net.    (Post  free,  13s.  home;  13s.  6d.  abroad.) 

Cotton  Spinning  and  Combing. 

COTTON  SPINNING  (First  Year).    By  Thomas  Thornley, 

Spinning  Master,  Bolton  Technical  School.  160  pp.  Eighty-four  Illus- 
trations Crown  8vo.  Second  Impression.  Price  3s.  net.  (Post  free, 
3s.  4d.  home  ;  3s.  6d.  abroad.) 

Lattices  and  Hopper  Feeders-Openmg  and  Scutching-Cardmg-Indexes. 
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COTTON  SPINNING  (Intermediate,  or  Second  Year).  By 
Thomas  Thornley.  Second  Impression.  180  pp.  Seventy  Illustra- 
tions. Crown  8vo.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d. 
abroad.) 

_  „  ,  Contents. 

Syllabuses  and  Examination  Papers  of  the  City  and  Guilds  of  London  Institute— The 
Combing  Process— The  Drawing  Frame— Bobbin  and  Fly  Frames— Mule  Spinning— Rine 
Spinning— General  Indexes. 

COTTON  SPINNING  (Honours,  or  Third  Year).  By  Thomas 
Thornley.  216  pp.  Seventy-four  Illustrations.  Crown  8vo.  Second 
Edition.    Price  5s.  net.    (Post  free,  5s.  4d.  home;  5s.  6d.  abroad.) 

_  ,,  ,  Contents. 

Syllabuses  and  Examination  Papers  of  the  City  and  Guilds  of  London  Institute— Cotton— 
The  Practical  Manipulation  of  Cotton  Spinning  Machinery— Doubling  and  Winding— Reeling 
—Warping— Production  and  Costs— Main  Driving— Arrangement  of  Machinery  and  Mill 
Planning— Waste  and  Waste  Spinning— Indexes. 

COTTON  COMBING  MACHINES.  By  Thos.  Thornley, 
Spinning  Master,  Technical  School,  Bolton.  Demy  8vo.  117  Illustra- 
tions.  300  pp.    Price  7s.  6d.  net.    (Post  free,  8s.  home  ;  8s.  6d.  abroad.) 

Contents. 

The  Sliver  Lap  Machine  and  the  Ribbon  Cap  Machine— General  Description  of  the  Heilmann 
Comber— The  Cam  Shaft— On  the  Detaching  and  Attaching  Mechanism  of  the  Comber- 
Resetting  of  Combers— The  Erection  of  a  Heilmann  Comber— Stop  Motions :  Various  Calcu- 
lations— Various  Notes  and  Discussions— Cotton  Combing  Machines  of  Continental  Make- 
Index. 

Flax,  Hemp  and  Jute  Spinning. 

MODERN  FLAX,  HEMP  AND  JUTE  SPINNING  AND 
TWISTING.  A  Practical  Handbook  for  the  use  of  Flax, 
Hemp  and  Jute  Spinners,  Thread,  Twine  and  Rope  Makers.  By 
Herbert  R.  Carter,  Mill  Manager,  Textile  Expert  and  Engineer, 
Examiner  in  Flax  Spinning  to  the  City  and  Guilds  of  London 
Institute.  Demy  8vo.  1907.  With  92  Illustrations.  200  pp.  Price 
7s.  6d.  net.    (Post  free,  7s.  9d.  home ;  8s.  abroad.) 

Contents. 

Raw  Fibre. — Origin  of  Flax— Hemp  and  Jute  Fibre— Description  of  the  Plants — Mode  of 
Cultivation — Suitable  Climate  and  Soil — Sowing — Harvesting — Rippling  Flax  and  Hemp — 
Water  Retting — Dew  Retting — Extraction  of  the  Fibre — Marketing  the  Fibre — Bracquing — 
Flax,  Hemp  and  Jute  Marks — Comparative  Prices — Ports  of  Export— Trade  Centres — Fibre 
Selling  Conditions — Duty  on  Fibre — Fibre  Exports.     Hackling-. — Sorting  and  Storing  the 
Raw  Fibre — Softening  Hemp  and  Jute — Jute  Batching — Cutting — Piecing  Out — Roughing — 
Hackling  by  Hand  and  Machine — Tippling — Sorting — Ventilation  of  Hackling  Rooms.  Sliver 
Formation. — Spreading  Line — Heavy  Spreading  System — Good's   Combined   Hackle  and 
Spreader — Jute  Breaking  and  Carding — Flax  and  Hemp  Tow  Carding — Bell  Calculation — 
Clock  System — Theory  of  Spreading.     Line  and  Tow  Preparing. — Drawing  and  Doubling 
— Draft  Calculation — Set  Calculation — Tow  Combing — Compound  Systems — Automatic  Stop 
Motions  and  Independent  Heads — Details  of  Preparing  Machinery — Ventilation — Humidifica- 
tion.     Gill  Spinning. — Gill  Spinning  for  Shoe  Threads,  Rope  Yarns,  Binder  and  Trawl 
Twines — The  Automatic  Gill  Spinner — Rope  and  Reaper  Yarn  Numbering.     The  Flax, 
Hemp  and  Jute  Roving  Frame. — Bobbin  Winding — Differential  Motion — Twist  Calculation 
— Practical  Changing — Rove  Stock.     Dry  and  Half-Dry  Spinning. — Flyer  and  Ring 
Frames — Draft  and  Twist  Calculation — Bobbin  Dragging — Reaches — Set  of  Breast  Beam 
and  Tin-rod.     Wet  Spinning  of  Flax,  Hemp  and  Tow — Hot  and  Cold  Water  Spinning — 
Improvements  in  the  Water  Trough — Turn  off  and  Speed  of  Spindles — Reaches — Belting — 
Band  Tying — Tape  Driving — Oiling — Black  Threads — Cuts  per  Spindle — Ventilation  of  the 
Wet  Spinning  Room.    Yarn   Department. — Reeling — Cop  Winding— Cheese  and  Spool 
Winding — Balling  Shoe  Thread,  Reaper  Yarn,  etc. — Yarn  Drying  and  Conditioning — Yarn 
Bundling — Yarn  Baling — Weight  of  Yarn — Yarn  Tables — Duty  on  Yarn  Imports.  Manufac- 
ture of  Threads,  Twines  and  Cords.— Hank  Winding — Wet  and  Dry  Twisting— Cabling — 
Fancy  Yarns — Twine  Laying — Sizing  and  Polishing  Threads  and  Twines — Softening  Threads 
— Skeining  Threads— Balling  Twines — Leeson's  Universal  Winder — Randing  Twines — Spool- 
ing Sewing  Threads — Comparative  Prices  of  Flax  and  Hemp  Cords,  Lines  and  Threads. 
Rope  Making. — Construction  of  Hawsers  and  Cables— Stranding — Laying  and  Closing — 
Compound  Rope  Machines — Rules  for  Rope  Makers— Weight  of  Ropes — Balling  and  Coiling 
Ropes.     Mechanical  Department. — Boilers,  Engines  and  Turbines — Power  Transmission 
by  Belts  and  Ropes — Electric  Light  and  Power  Transmission — Fans — Oils  and  Oiling — 
Repairs — Fluting.    Mill  Construction. — Flax,  Hemp  and  Jute  Spinning  Mills  and  Ropeworks 
— Heating — Roofs — Chimneys,  etc. 
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Collieries  and  Mines. 

RECOVERY  WORK  AFTER  PIT   FIRES.     By  Robert 

Lamprecht,  Mining  Engineer  and  Manager.    Translated  from  the 

German.      llustrated  by  Six   large  Plates    containing  Seventy-six 

illustrations.     175  pp.,  demy  8vo.     Price  10s.  6d.  net.     (Post  free, 

10s.  lOd.  home;  lis.  abroad.) 

Contents. 

n  o  «t  Di+  Biro*  Preventive  Regulations  :  (1)  The  Outbreak  and  Rapid  Extension 
of  ^^^^^^^Xi^^^^  little  or  no  Combustible  Material 
of  a  Shaft  hire  can  De  m°s^  ren uuiy  v  .    /for  Rapjdly  Local  s  ng  an  Outbreak  of  Fire  in 

PreLudon ffiS  S^ntSwus  Ignition  of  Coal.  Precautions  for  Preventing  Exp  osions ;  of 
pfre  damn  Ld  Coll  Dust.    Employment  of  Electricity  in  Mining,  particularly  m  Fiery  Pits. 

Floodin^he  Whole  Pit-Rescue  Stations :  (a)  Stations  above  Ground;  (6)  Underground 
Rescue  Stations-Spontaneous  Ignition  of  Coal  in  Bulk-Index.  ^ 

VENTILATION  IN  MINES.    By  Robert  Wabner,  Mining 

Engineer.    Translated  from  the  German.    Royal  8vo.    Thirty  Plates 

and  Twenty-two  Illustrations.    240  pp.    Price  10s.  6d.  net.    (Post  free, 

lis.  home  ;  lis.  3d.  abroad.) 

Contents. 

The  Causes  of  the  Contamination  of  Pit  Air-The  Means  of  Preventing  the 
Dangers  rcuftln?  from  the  Contamination  of  Pit  Air-Calculating  the  Volume 
S  vfntfiatina  Current  necessary  to  free  Pit  Air  from  Contamination-Determination 
^he  t^l^^VVO^^be  PLs^  of  Air  through  the  Pit-Laws  of  Re= 
Stance  and  Formulte  therefor-Fluctuations  in  the  Temperament  or  Specific  Re= 
Itetancl  ofa  Pit-Means  for  Providing  a  Ventilating  Current  in  the  Pit-Mechani- 
cal  Ventilation-Ventilators  and  Fans-Determining  the  Theoretical,  Initial  and 
True  Effect ive)  Depression  of  the  Centrifugal  Fan-New  Types  of  Centrifugal  Fan 
of  Smal  Diameter  ana  High  Working  Speed-Utilising  the  Ventilating  Current  to 
the  utmortTdvantlge  and  distributing  the  same  through  the  Workings-Artifici- 
ally  reTarding  the  vlntilating  Current-Ventilating  Preliminary  Workings-Blind 
Headings-Separate  Ventilation-Supervision  of  Ventilation-lNDEX. 

HAULAGE  AND  WINDING  APPLIANCES  USED  IN 
MINES.  By  Carl  Volk.  Translated  from  the  German. 
Royal  Svo.  With  Six  Plates  and  148  illustrations.  150  pp.  Price 
8s.  6d.  net.    (Post  free,  9s.  home;  9s.  3d.  abroad.) 

Contents. 

Haulage  Appliances-Ropes-Haulage  Tubs  and  Tracks-Cages  and  Winding  Appliances- 
Winding  Engines  for  Vertical  Shaftl-Winding  without  Ropes-Haulage  ,n  Levels  and 
Inclines-The  Working  of  Underground  Engines-Machinery  for  Downhill  Haulage. 

Dental  Metallurgy. 

DENTAL  METALLURGY  :  MANUAL  FOR  STUDENTS 
AND  DENTISTS.  By  A.  B.  Griffiths,  Ph.D.  Demy 
8vo.  Thirty-six  Illustrations.  200  pp.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home ;  8s.  abroad.) 

Contents. 

Introduction— Physical  Properties  of  the  Metals— Action  of  Certain  Agents  on  Metals— 
A||ovs_Action  of  Oral  Bacteria  on  Alloys-Theory  and  Varieties  of  Blowpipes— Fluxes- 
Furnaces  and  Appliances— Heat  and  Temperature-Gold— Mercury-Silver-Iron-Copper— 
Zinc— Magnesium-Cadmium— Tin-Lead  —  Aluminium— Antimony  —  Bismuth  —  Palladium- 
Platinum— Iridium— Nickel— Practical  Work— Weights  and  Measures. 
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Engineering,  Smoke  Prevention 
and  Metallurgy. 

THE  PREVENTION  OF  SMOKE.  Combined  with  the 
Economical  Combustion  of  Fuel.  By  W.  C.  Popplewell,  M.Sc, 
A.M.Inst.,  C.E.,  Consulting  Engineer.  Forty-six  Illustrations.  190  pp. 
Demy  8vo.    Price  7s.  6d.  net.    (Post  free,  7s.  lOd.  home  ;  8s.  3d.  abroad.) 

Contents. 

Fuel  and  Combustion—  Hand  Firing  in  Boiler  Furnaces— Stoking  by  Mechanical  Means — 
Powdered  Fuel— Gaseous  Fuel— Efficiency  and  Smoke  Tests  of  Boilers— Some  Standard 
Smoke  Trials— The  Legal  Aspect  of  the  Smoke  Question— The  Best  Means  to  be  adopted  for 
the  Prevention  of  Smoke — Index. 

GAS  AND  COAL  DUST  FIRING.  A  Critical  Review  of 
the  Various  Appliances  Patented  in  Germany  for  this  purpose  since 
1885.  By  Albert  Putsch.  130  pp.  Demy  8vo.  Translated  from  the 
German.  With  103  Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ;  8s.  abroad. ) 

Contents. 

Generators — Generators  Employing  Steam — Stirring  and  Feed  Regulating  Appliances — 
Direct  Generators — Burners — Regenerators  and  Recuperators — Glass  Smelting  Furnaces — 
Metallurgical  Furnaces — Pottery  Furnace — Coal  Dust  Firing — Index. 

THE  HARDENING  AND  TEMPERING  OF  STEEL 
IN  THEORY  AND  PRACTICE.  By  Fridolin  Reiser. 
Translated  from  the  German  of  the  Third  Edition.  Crown  8vo. 
120  pp.    Price  5s.  net.    (Post  free,  5s.  3d.  home ;  5s.  4d.  abroad.) 

Contents. 

Steel— Chemical  and  Physical  Properties  of  Steel,  and  their  Casual  Connection- 
Classification  of  Steel  according  to  Use— Testing-  the  Quality  of  Steel  —  Steel- 
Hardening—  Investigation  of  the  Causes  of  Failure  in -Hardening— Regeneration  of 
Steel  Spoilt  in  the  Furnace— Welding  Steel— Index. 

SIDEROLOGY:  THE  SCIENCE  OF  IRON  (The  Con- 
stitution of  Iron  Alloys  and  Slags).  Translated  from  German  of 
Hanns  Freiherr  v.  Juptner.  350  pp.  Demy  8vo.  Eleven  Plates 
and  Ten  Illustrations.  Price  10s.  6d.  net.  (Post  free,  lis.  home; 
lis.  6d.  abroad.) 

Contents. 

The  Theory  of  Solution. — Solutions — Molten  Alloys — Varieties  of  Solutions — Osmotic 
Pressure — Relation  between  Osmotic  Pressure  and  other  Properties  of  Solutions — Osmotic 
Pressure  and  Molecular  Weight  of  the  Dissolved  Substance — Solutions  of  Gases— Solid  Solu- 
tions— Solubility — Diffusion — Electrical  Conductivity — Constitution  of  Electrolytes  and  Metals 
— Thermal  Expansion.  Micrography.— Microstructure — The  Micrographic  Constituents  of 
Iron — Relation  between  Micrographical  Composition,  Carbon-Content,  and  Thermal  Treat- 
ment of  Iron  Alloys— The  Microstructure  of  Slags.  Chemical  Composition  of  the  Alloys 
of  Iron. — Constituents  of  Iron  Alloys — Carbon— Constituents  of  the  Iron  Alloys,  Carbon — 
Opinions  and  Researches  on  Combined  Carbon — Opinions  and  Researches  on  Combined 
Carbon — Applying  the  Curves  of  Solution  deduced  from  the  Curves  of  Recalescence  to  the  De- 
termination of  the  Chemical  Composition  of  the  Carbon  present  in  Iron  Alloys — The  Constitu- 
ents of  Iron— Iron— The  Constituents  of  Iron  Alloys— Manganese— Remaining  Constituents  of 
Iron  Alloys— A  Silicon— Gases.  The  Chemical  Composition  of  Slag.— Silicate  Slags- 
Calculating  the  Composition  of  Silicate  Slags— Phosphate  Slags— Oxide  Slags— Appendix- 
Index. 

EVAPORATING,  CONDENSING  AND  COOLING  AP- 
PARATUS. Explanations,  Formula?  and  Tables  for  Use 
in  Practice.  By  E.  Hausbrand,  Engineer.  Translated  by  A.  C. 
Wright,  M.A.  (Oxon.),  B.Sc.  (Lond.).  With  Twenty-one  Illustra- 
tions and  Seventy-six  Tables.  400  pp.  Demy  8vo.  Price  10s.  6d.  net. 
(Post  free,  lis.  home ;  lis.  6d.  abroad.) 

Contents. 

fleCoefficient  of  Transmission  of  Heat,  kl,  and  the  Mean  Temperature  Difference,  fl/m— 
Parallel  and  Opposite  Currents— Apparatus  Tor  Heating  with  Direct  Fire— The  Injection  of 
Saturated  Steam— Superheated  Steam— Evaporation  by  Means  of  Hot  Liquids— The  Trans- 
ference of  Heat  in  General,  and  Transference  by  means  of  Saturated  Steam  in  Particular 
—The  Transference  of  Heat  from  Saturated  Steam  in  Pipes  (Coils)  and  Double  Bottoms 
—Evaporation  in  a  Vacuum— The  Multiple-effect  Evaporator— Multiple-effect  Ev  jiorators 
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contents  of  "Evaporating,  Condensing  and  Cooling 

u-  u  c  >  Bt  ,m  ;KTn£n-Tne  Weight  of  Water  which  must  be  Evaporated  from 
from  which  Extra  Steam  is  Ta k "-^^  ^plrcentaee  of  Dry  Materials  from  1-25  per  cent. 
100  Kilos,  of  L!quor  m  order  its  Original P"centa ge  o "  Surfaces  in  the  Elements 
up  to  20-70  per  cent.-The  Relative  Pr°P^^P„sinns-The  Pressure  Exerted  by  Currents 
of  the  Multiple  Evaporator  and  their  Actual  D«™en«o> s_The  ™%u^™  Urop/ of  WateP 
of  Steam  and  Gas  upon  Floating  Drops  °*^*^^olM£^£tiMUq$^^  Diameter 
upon  which  Press  Currents  of  Steam-The  Splashing  ".^P"1*1.1"^'^,.  Pipes_The  Loss 

ffKJbtah  m»  * VMS Km  T  V,»..  in  ord.-  »  Reduce  it.  Origto.1  IW  »  • 
Certain  Lower  Pressure— Index. 

Sanitary  Plumbing,  Electric 
Wiring,  Metal  Work,  etc. 

EXTERNAL  PLUMBING  WORK.  A  Treatise  on  [  Lead 
Work  for  Roofs.  By  John  W.  Hart,  R.P.C.  180  . [llustraUons.  272 
pp.  Demy  8vo.  Second  Edition  Revised.  Pr.ce  7s.  6d.  net.  (Post 
free,  7s.  lOd.  home  ;  8s.  abroad.) 

HINTS  TO  PLUMBERS  ON  JOINT  WIPING,  PIPE 
BENDING  AND  LEAD  BURNING.  Third  Edition, 
Revised  and  Corrected.  By  John  W.  Hart,  R.P.C.  184  Illustrations. 
313  pp.  DemySvo.  Price7s.6d.net.  (Post  free,  8s.  home ;  8s.  6d. 
abroad.) 

Contents.  0  „. 

Eefe^ircu^^ 

F™ngS^J°T  P  Tn^?  Fixing Us^of  "Touch"  in  Soldering-Underhand  Joints-Blown 
7£aC%&  ™rM^£^Mn?LBA  Joints  (con3„ued)-Block  Joints-Block 
Joints  (continued)-Block  Fixings-Astragal  Joints-Pipe  Fixings-Large  Branch  Joints- 
Large  Underhand  Joints-Solders-Autogenous  Soldering  or  Lead  Burning-Index. 

SANITARY  PLUMBING  AND  DRAINAGE.     By  John 

W.  Hart.  Demy  8vo.  With  208  Illustrations.  250  pp.  1904.  Price 
7s  6d  net.    (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents.  ^  .      ...  ,.r  , 

Sanitarv  Survevs-Drain  Testing-Drain  Testing  with  Smoke-Testing  Drains  with  Water 
-Drain  Plugs fo  TesthVg-Sanitary  Defects-Closets-Baths  and  Lavatories-House  Drains 
^Manholes-Iron  Soil  Pipes-Lead  Soil  Pipes-Ventilating  Pipes-Water-closets-Flushing 
cl^erns- Baths- Bath  Fittings- Lavatories- Lavatory  Fittings-S.nks-Waste  Pipes- 
Water "  Supply- Ball  Valves -Town  House  Sanitary  Arrangements- Dra.nage-Jo.nting 
Pipes— Accessible  Drains— Iron  Drains— Iron  Junctions— Index.   

ELECTRIC  WIRING  AND  FITTING  FOR  PLUMBERS 
AND  GASFITTERS.  By  Sydney  F.Walker,  R.N.,  M.I.E.E.. 
M  I.Min.E.,  A.M.Inst.C.E.,  etc.,  etc.  Crown  8vo.  150  pp.  With  Illus- 
trations and  Tables.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  6d. 
abroad.) 

Contents.  . 

Chanter  I.,  Electrical  Terms  Used. -Pressure  and  Current- Hie  Volt— Ampere- 
Electrical  Resistance-Earth-Continuous  and  Alternating  Currents-The  Electric  Crcuit- 
Leakage-Hea  ing  of  Conductors-Size  and  Forms  of  Conductors-The  Kilowatt-Logs  of 
Pressure-Arrangement  of  Conductors-Looping  In-The  Three  Wire  System-Switchcs- 
Fuses-Circuit-Sreakers.  II..  The  Insulation  of  Wires,  Their  Protection,  Fixing,  etc. 
-Conductors  Insulated  with  Paper  and  Similar ^Materials-Sparking  between  Conductors 
-Dial.te  Insulation-Flexible  Cords-Concentnc  ConductorsTTw.n  Conductors-TI  rce-(^re 
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mentation and  Putrefaction — Preservative  Bodies— The  Various  Methods  of  Preserving  Food 
— The  Preservation  of  Animal  Food — Preserving  Meat  by  Means  of  Ice — The  Preservation 
of  Meat  by  Charcoal— Preservation  of  Meat  by  Drying— The  Preservation  of  Meat  by  the 
Exclusion  of  Air — The  Appert  Method — Preserving  Flesh  by  Smoking — Quick  Smoking — Pre- 
serving Meat  with  Salt — Quick  Salting  by  Air  Pressure— Quick  Salting  by  Liquid  Pressure— 
Gamgee's  Method  of  Preserving  Meat — The  Preservation  of  Eggs — Preservation  of  White 
and  Yolk  of  Egg — Milk  Preservation — Condensed  Milk — The  Preservation  of  Fat — Manu- 
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